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THE  DIRECTOR'S  REPORT 


The  accompanying  annual  report  represents  progress  during  fiscal  year  1971 
in  the  several  fields  of  activity  of  the  National  Institute  of  General 
Medical  Sciences.   This  report  covers  the  first  year  of  my  incumbency  as 
Director.   It  contains  numerous  details  of  accomplishment  by  the  Institute, 
its  staff,  and  its  grant  ax<7ardees.   There  are  certain  general  matters 
which  may  be  stressed. 

The  Launching  of  Genetics  as  a  Program 

The  testimony  in  support  of  the  1971  budget  appropriation  was  highlighted 
by  a  statement  by  Dr.  Joshua  Lederberg,  supporting  an  intensive  effort  in 
research  in  genetics  directed  toward  the  understanding  of  human  genetic 
disease.   This  resulted  in  a  $10  million  add-on  to  the  budget,  of  which 
$7.75  million  was  ultimately  made  available.   These  funds  made  it  possible 
to  support  a  considerable  number  of  approved  grant  applications  in  the 
field  of  genetics.   This  award,  furthermore,  encouraged  the  staff  of  the 
Institute  to  give  formal  recognition  to  genetics  as  a  substantial  program. 
Using  an  outside  consultant,  we  have  reviewed  the  contents  of  our  genetics 
program  and  its  relationship  to  genetics  research  throughout  the  world, 
and  we  have  set  for  ourselves  certain  goals  which  we  regard  as  attainable. 
Among  these,  we  propose  to  establish  a  type  culture  collection  of  mammalian — 
particularly  human — cell  types  which  will  serve  many  useful  purposes  in 
the  scientific  and  medical  communities.   We  propose  to  initiate  a  program 
of  mapping  of  the  human  chromosomes  to  permit  defined  localization  on  the 
genetic  apparatus  of  each  of  the  several  human  genes.   We  propose  to 
continue  to  support  genetic  research  at  many  different  levels  ranging  from 
molecular  genetics  to  human  population  genetics.   Organizationally  we 
would  plan  to  conduct  a  segment  of  this  basic  and  clinical  research  in 
genetic  centers  and,  where  appropriate,  to  develop  registries  and  screening 
programs  to  detect  and  study  new  forms  of  genetic  disease  in  the  human 
population.   We  propose  to  provide  adequate  opportunities  for  the  training 
of  the  several  types  of  investigators  who  will  be  needed  for  the  prosecution 
of  this  research. 

Change  in  Organizational  Structure 

The  NIGMS  has  hitherto  been  organized  predominantly  in  terms  of  branches, 
each  with  a  specific  responsibility  for  a  particular  type  of  funding. 
Encouraged  by  our  experience  in  the  field  of  genetics  and  by  the  exper- 
ience of  other  Institutes  at  NIH,  we  are  considering,  over  the  years 
ahead,  the  rearrangement  of  staff  responsibility  toward  a  programmatic 
rather  than  a  branch  structure.   The  Institute  already  enjoys  several 
operating  programs;  among  these  are  biomedical  engineering  and  pharmacology/ 
toxicology.   To  these  we  now  add  a  program  in  genetics  and  genetic  diseases. 
It  is  proposed  over  the  years  ahead  to  increase  the  number  of  programs  to 
include  a  program  of  cell  structure  and  function,  a  program  in  pathology, 
and  possibly  others.   It  is  the  intent  of  this  development  to  place  in  a 
progressive,  stepwise  fashion  essentially  all  of  the  business  which  the 
Institute  transacts  under  the  guidance  of  one  or  another  program  director. 


It  is  the  expectation  that  each  program  director  will  supervise  and 
coordinate  not  only  the  research  grant  activities  but  also  training 
activities,  fellowship  activities,  and  collaborative  research  activities, 
as  these  fall  within  his  program  area.   It  is  believed  that  a  better  inte- 
gration of  training  and  research  activities  in  each  discipline  will  be 
attained  under  this  organizational  pattern,  and  it  is  forecast  that  more 
intelligent  utilization  of  available  funds  will  ensue. 

Review  of  Training  Activities 

The  need — and,  of  even  greater  importance,  the  opportunities — for  highly 
trained  specialists  in  the  several  disciplines  of  biomedical  research 
has  been  under  continued  scrutiny.   During  the  past  fiscal  year,  a  par- 
ticular effort  was  made  to  forecast  as  accurately  as  possible  the 
appropriate  levels  of  training  activity  in  each  of  the  several  scientific 
disciplines  which  are  the  responsibility  of  NIGMS.   Clearly,  the  oppor- 
tunities for  trained  persons  in  each  field  are  in  large  part  determined 
by  the  amounts  of  research  money  available  in  that  field.   However,  NIGMS 
trainees  in  many  instances  end  up  doing  research  appropriately  supported 
by  grants  from  one  or  another  categorical  Institute.   For  this  reason, 
among  others,  the  situation  is  not  readily  controllable.   The  results  of 
the  studies  conducted  in  our  Training  Grants  Branch  have  permitted  the 
segregation  of  disciplines  into  a  cluster  of  specialties  for  which  there 
will  continue  to  be  a  deficiency  of  trained  investigators,  a  substantial 
block  for  which  it  would  appear  that  an  appropriate  balance  has  been 
reached,  and  certain  specialties  for  V7hich  there  is  probably  a  surplus 
of  trained  persons  in  prospect.   It  is  the  intention  of  the  Institute  to 
update  this  survey  from  time  to  time  in  order  to  secure  the  best  possible 
projections  for  future  training  requirements. 

Minority  Access  to  Research  Careers 

A  subject  under  active  scrutiny  by  the  staff  and  consultants  has  been 
the  attempt  to  correct  the  drastic  lack  of  minority  group  representatives 
trained  in  research.   To  make  careers  in  research  more  readily  available 
to  black  and  other  minority  groups,  to  strengthen  the  health-related 
science  departments  in  the  predominantly  black  colleges,  to  make  certain 
that  no  worthy  research  projects  at  the  predominantly  black  colleges  and 
medical  schools  suffer  from  lack  of  adequate  support — these  have  been 
matters  of  continuous  and  deep  concern.   We  believe  we  can  record  progress 
in  this  area.   Plans  have  now  been  formulated  to  continue  this  effort  in 
the  immediate  future,  and  to  develop  novel  channels  for  the  assistance 
of  deserving  black  faculty  and  students  seeking  to  develop  further  their 
research  potential  in  the  biomedical  sciences. 


FUNDAMENTAL  SCIENCES 

GENETICS  AND  GENETIC  CHH-IISTRY 

New  NIGMS  Initiatives  in  Human  Genetics 

The  NIGMS  has  a  major  interest  and  commitment  to  the  field  of  genetics, 
particularly  as  it  relates  to  human  disease.   The  Institute  currently  supports 
373  projects  in  the  amount  of  $25,224,000  in  areas  relevant  to  this  field. 
The  Institute  has  recently  identified  four  areas  as  having  particularly 
strategic  relevance  to  the  advance  of  knowledge  in  human  genetic  disease, 
and  to  which  it  will  devote  particular  attention. 

1.  Library  of  Cell  Lines 

There  is  a  growing  need  for  a  central  repository  of  human  tissue  culture 
cell  lines  representing  hundreds  of  genetic  errors,  many  of  which  lead  to 
genetic  disease.   The  existence  of  a  centrally  maintained  repository  of 
human  tissue  cultures  available  for  distribution,  comparison,  and  further 
study  would  greatly  speed  up  research  in  this  area.   In  addition,  the 
technique  of  amniocentesis  (prenatal  analysis  of  the  cells  and  fluids  of 
the  unborn)  is  gaining  increased  clinical  acceptance.   Therefore,  a 
centrally  maintained  collection  of  well-characterized  cells  representing  a 
wide  variety  of  genetic  disease  states  will,  for  purposes  of  diagnosis  and 
comparison,  become  increasingly  important  to  the  medical  comjuunity. 

2.  Mapping  of  the  Human  Chromosome 

At  present,  we  know  much  about  the  location  of  genes  on  the  chromosomes 
of  the  mouse,  and  some  viruses,  bacteria  and  fungi.   Similar  information 
on  human  chromosomes  is  much  more  sparse.   The  knowledge  and  principles 
obtained  with  the  lower  organisms  must  now  be  extended  to  man.   Some  progress 
has  been  made  in  the  mapping  of  the  X  chromosome;  the  mapping  of  autosomes, 
though  more  difficult,  will  inevitably  follow.   This  is  a  long  and  difficult 
task,  but  it  is  a  necessary  prerequisite  for  further  understanding  of  human 
genetic  disease.   Advances  during  the  past  year,  to  be  discussed  below, 
using  cell  fusion  and  fluorescent  labelling  techniques,  suggest  that 
important  progress  in  this  area  may  be  forthcoming  in  the  near  future. 

3.  Identification  of  Carriers  of  Human  Genetic  Disease 

Many  of  the  genetic  diseases  appear  to  be  recessive  in  their  inheritance. 
It  is  important  to  identify  the  heterozygous  carrier  of  the  defective  gene, 
who  in  most  instances  will  exhibit  no  overt  evidence  of  disease.   The 
presence  of  such  a  gene  in  both  parents  leads  to  a  calculable  probability 
that  the  disease  will  manifest  itself  in  the  offspring.   Identification 
of  such  carriers  will  permit  genetic  counseling  at  a  level  that  hitherto 
has  not  been  achieved.   For  a  few  diseases,  there  are  already  methods  for 
the  demonstration  of  the  heterozygous  state;  for  many  diseases,  however, 
this  cannot  be  done  today.   Therefore,  a  promising  line  of  investigation 
is  the  search  for  methods  of  detection  of  the  carrier  state  for  those 
genetic  diseases  in  which  this  is  not  currently  possible. 


4.   Genetic  Control  of  Human  Cells 

The  study  of  genetic  control  mechanisms  places  emphasis  on  important  unify- 
ing principles  which  guide  the  expression  of  genetic  information.   An 
increased  understanding  of  the  mechanisms  of  genetic  control  is  not  only 
important  to  the  achievement  of  the  above  goals,  but  is  opening  up  major 
new  areas  of  research  and  preparing  the  groundwork  for  new  understanding 
in  cancer  research,  immunobiology ,  developmental  biology,  and  the  neuro- 
sciences.   Biomedical  scientists  must  discover  how  cell  division  is  turned 
on  and  off,  how  cells  may  be  maintained  in  either  the  "dedifferentiated" 
or  "differentiated"  state,  and  how  genes  are  turned  on  and  off  selectively 
to  meet  the  different  needs  of  the  various  tissues  and  organs  of  the  body 
for  enzymes  and  other  proteins.   It  is  expected  that  the  Institute  will 
actively  solicit  proposals  in  each  of  these  four  areas.   Currently, 
programming  is  under\v'ay  in  items  1,  2,  and  4,  as  further  described  below. 

A  Library  of  Cell  Lines 

Of  the  four  new  NIGMS  initiatives  in  genetic  diseases,  it  is  particularly 
important  to  make  a  correct  start  with  the  "Library  of  Cell  Lines"  concept. 
Unlike  the  other  three  initiatives,  this  will  be  a  single,  unique,  co- 
ordinated effort  which  must  be  initiated  correctly  if  it  is  to  succeed  and 
grow . 

It  is  our  initial  aim  to  select  a  portfolio  of  the  most  important  and 
interesting  cell  lines  representing  human  genetic  disease,  to  amplify  and 
store  these,  and,  using  an  efficient  information  system,  to  make  these 
cell  lines  available  to  all  qualified  users.   It  is  expected  that  this 
effort,  through  providing  standardized  and  well-characterized  stocks  to 
the  scientific  community,  will,  in  effect,  stimulate  the  overall  field  of 
human  genetics. 

Since  the  funding  instrument  is  expected  to  be  a  contract,  we  have  already 
advertised  for  organizations  capable  of  undertaking  such  an  effort.   Some 
15  responses  were  received  and  will,  in  the  near  future,  be  evaluated  for 
merit  by  a  scientific  review  committee.   We  expect  to  solicit  a  formal 
proposal  shortly  thereafter. 

The  planning  stages  of  this  effort  have  been  facilitated  through  discussions 
of  staff  with  many  members  of  the  tissue  culture  community.   In  addition, 
NSF  staff  have  indicated  to  us  their  parallel  interest  in  the  area  of  tissue 
culture,  as  applied  to  the  more  general  problems  of  mammalian  cell  biology. 
This  development  may  ultimately  expand  the  spectrum  of  lines  carried  by  a 
National  Tissue  Culture  Repository  to  lines  of  general  interest  to  cell 
biology,  in  addition  to  those  lines  representing  specific  NIGMS  interests 
related  to  human  genetic  disease. 

A  small  workshop,  jointly  sponsored  by  the  NIGMS  and  the  NSF,  and  dealing 
with  both  the  problems  and  the  potential  of  establishing  such  a  facility, 
was  held  on  May  19,  1971.   The  participants  stressed  the  generally 
unsatisfactory  present  situation,  and  were  enthusiastic  about  the  potential 
of  such  a  project  to  science  and  medicine,  including  both  the  expected 


research  and  teaching  benefits.   The  possible  modes  of  operation  of  the 
prospective  repository  were  discussed  in  some  detail. 

Human  and  Medical  Genetics 

Although  the  individual  project  grant  remains  the  mainstay  of  NIGMS  support 
in  the  fundamental  sciences,  including  genetics,  larger  projects  and  centers 
will  be  required  to  stimulate  and  advance  research  in  human  genetics.   This 
is  particularly  true  at  the  clinical  level,  which  requires  the  cooperation 
and  integration  of  individuals  in  a  variety  of  disciplines  and  skills: 
clinicians,  endocrinologists,  cytogeneticists ,  somatic  cell  geneticists, 
electron  microscopists ,  biochemists,  statisticians,  etc.   In  order  to 
understand  clearly  any  one  of  the  many  genetic  diseases,  and  to  define  its 
basic  genetic  lesion,  these  individuals  must  study  the  genetic  disease 
as  a  cooperative  research  effort,  mutually  gaining  increased  insights  from 
their  common  endeavor.   Such  cooperative  ventures  will  be  needed  in  order 
to  make  progress  in  three  of  the  four  stated  NIGMS  initiatives  in  human 
genetic  disease:   the  mapping  of  the  human  chromosome,  early  identification 
of  human  genetic  disease,  and  greater  understanding  of  the  genetic  control 
of  human  cells. 

It  is  for  this  reason  that  active  staff  efforts  began  late  in  FY  71  to 
(a)  define  the  concept  of  a  "Center  for  Human  Genetics"  and  (b)  actively 
encourage  submission  of  proposals  for  large  center  grants  that  meet  this 
definition.   The  NIGMS  staff  feels  that  such  support  instruments  are  the 
most  reasonable  mechanisms  for  (1)  the  rapid  extension  of  concepts  and 
techniques  derived  from  the  molecular  genetics  of  simpler  organisms  to  the 
level  of  the  patient  and  his  disease,  and  (2)  bringing  human  genetic 
disease  (for  example,  through  tissue  culture)  to  the  bench  of  the  biochemist 
and  molecular  biologist  for  the  type  of  sophisticated  scientific  analysis 
previously  limited  to  lower  organisms. 

Thus,  it  is  felt  that  the  projected  centers  for  human  genetics  will 
catalyze  the  necessary  fusion  of  the  science  of  basic  genetics  with 
clinical  medicine  to  best  further  the  mission  of  the  NIGMS  in  human 
genetic  disease.   We  expect  to  receive  a  number  of  applications  for  such 
center  grants  during  FY  72  and  expect  that  a  national  network  of  genetic 
centers  can  be  established  in  the  near  future.   Such  a  network  is  desirable 
since,  in  general,  it  will  facilitate  greater  national  coordination  of 
research  in  human  and  clinical  genetics. 

Meetings  and  Conferences 

Conference  on  Genetic  Disease  Control 

On  December  2-5,  1970,  the  NIGMS,  in  collaboration  with  the  National  Cystic 
Fibrosis  Research  Foundation  and  the  National  Genetics  Foundation,  sponsored 
a  Conference  on  Genetic  Disease  Control.   The  meeting  was  noteworthy  for  a 
variety  of  reasons: 

1.   Scope:   Concurrent  workshops  emphasized  and  discussed  research  in: 


a.  Human  Genetic  Disease:   Attempt  to  estimate  the  magnitude  of  the 
problem  at  the  clinical  level. 

b.  Genetic  Screening:   How  can  carriers  of  genetic  disease  be  better 
identified  prior  to  the  birth  of  defective  offspring? 

c.  Population  Genetics:   What  specific  populations  are  at  risk  for 
specific  genetic  diseases  (as  for  example,  blacks  in  sickle  cell 
disease).   What  are  the  dynamics  of  populations  in  this  regard? 

d.  Mutagenesis:   Most  human  genetic  disease  arises  through  vertical 
transmission  of  defective  genes.   New  cases  arise  through  mutation 
within  normal  individual-^-,  and  this-  can  be  influenced  by  our 
chemical  and  radiation  environment.   What  is  the  rate  of  spontaneous 
mutation,  and  hoxN?  does  it  affect  our  estimates  of  the  future 
incidence  of  genetic  disease? 

e.  Biochemical  Genetics:   l-Jhat  are  the  primary  molecular  mechanisms 
(in  contrast  to  secondary  clinical  manifestations)  by  which  a 

mutation  in  human  genetic  material  causes  genetic  disease? 

f.  Gene  Technology:   Are  there  newer  tools  and  concepts  which  may, 
in  time,  become  available  for  the  management  and  cure  of  genetic 
diseases?  What  may  be  the  legal  and  ethical  issues  that  will  need 
to  be  considered  as  concepts  evolve  tov7ard  radical  modes  of  therapy? 

2.   Involvement  of  Volunteer  Leadership  Groups:   The  conference  was  unique 
in  that  both  scientists  and  laymen  met  jointly  to  discuss  problems  of 
genetic  disease,  and  to  learn  from  each  other.   Mr.  Raymond  Mulford, 
chairman  of  the  board,  CKi/ens-lllinois,  and  Mrs.  Winthrop  Rockefeller 
led  the  citizen  interest  program.   Taking  part  were  a  score  of 
individuals,  prominent  in  business  and  finance,  law,  theology,  educa- 
tion, and  government.   Likewise  engaged  were  medical  and  executive 
directors  from  17  volunteer  health  agencies  that  are  directly  involved 
with  the  diagnosis,  treatment,  and  prevention  of  genetic  disease. 

Scientific  Trends 

Most  of  our  advances  and  new  concepts  in  genetics  during  the  past  few 
decades  have  arisen  from  the  study  of  simple  organisms,  particularly 
bacteria  and  bacterial  viruses,  molds,  fruit  flies,  etc.   There  is  now  a 
growing  recognition  within  the  scientific  community  (already  cited  in 
previous  annual  reports)  that  the  advances  must  now  be  extended,  and  perhaps 
modified,  to  include  the  most  complex  biological  organisms,  including  man. 
Thus,  we  have  seen  a  significant  increase  in  the  proportion  of  meritorious 
funded  projects  dealing  with  human  genetics. 

Human  genetics  is,  of  course,  not  only  a  field  of  intense  scientific 
interest,  but  of  great  biomedical  importance.   It  deals  with  all  aspects  of 
inherited  variability  within  the  human  population,  but  particularly  with  the 
understanding,  diagnosis,  prevention  and  treatment  of  those  diseases 
classified  as  inborn  errors  of  metabolism  and  function.   The  number  of  such 


diseases  recognized  as  genetically  transmitted,  or  having  a  significant 
genetic  component,  increases  year  by  year.   They  are  frequently  tragic 
in  that  they  often  strike  the  young  and  then  lead  to  extensive  hospitaliza- 
tion and/or  institutionalization.   There  are  a  great  number  of  such  diseases, 
and  although  the  incidence  of  any  particular  disease  may  be  low,  they  are, 
in  the  aggregate,  a  serious  national  problem.   Among  them  are  cystic 
fibrosis,  Lesch-Nyhan's  disease,  sickle  cell  anemia,  and  the  hemophilias. 
Other  diseases  which  have  a  pronounced  genetic  component  are  diabetes, 
schizophrenia,  and  atherosclerosis.   The  overall  course  of  genetics 
research,  including  a  greater  fusion  and  coherence  of  clinical  genetics  and 
more  basic  genetic  research,  is  moving  rapidly  toward  the  understanding, 
treatment,  and  prevention  of  human  illness. 

The  programs  of  molecular  genetics  and  genetic  chemistry  are  particularly 
relevant  to  this  basic  mission.   The  objective  of  these  programs  is  to 
develop  comprehension  of  genetic  phenomena  at  the  molecular  level  in  terms 
of  the  structure  and  function  of  the  genetic  apparatus.   The  mechanisms  of 
genetic  disease  must  be  kno\^n  if  rational  progress  in  its  management 
(prevention,  therapy,  cure)  is  to  be  made.   Up  to  now,  a  few  such  diseases 
(examples:   sickle-cell  anemia,  Lesch-Nyhan's  disease)  are,  to  a  degree, 
understood  at  this  molecular  level  of  organization.   The  underlying  genetic 
defect  (as  opposed  to  the  more  secondary  clinical  symptoms)  is  only  poorly 
understood  for  such  hereditary  diseases  as  cystic  fibrosis.   Essentially 
nothing  is  yet  known  of  the  genetic  and  molecular  mechanisms  of  diabetes , 
hypertension,  and  schizophrenia,  diseases  whose  etiology  appears  to  be, 
in  part,  genetically  determined. 

Rapid  progress  is  being  made  in  developing  and  refining  the  tools  and  the 
methodology  required  for  an  attack  on  these  problems.   Recent  striking 
advances  in  the  techniques  of  growing  isolated  human  cells  in  tissue  culture 
enable  investigators  to  analyze  the  normal  and  disease  state,  using  methods 
rather  similar  to  those  previously  developed  for  the  analysis  of  bacterial 
mutation.   The  technique  of  amniocentesis  (using  tissue  cultures  of  the 
free-floating  amnion  cells  of  unborn  children  that  are  at  risk  for  specific 
genetic  disease)  has  deservedly  received  the  most  public  attention  because 
of  its  present  and  growing  diagnostic  value.   However,  other  developments 
in  tissue  culture  may  have  an  even  greater  potential  for  our  understanding 
of  human  genetics.   For  example,  the  recent  advances  in  human  somatic  cell 
genetics,  catalyzed  by  the  development  of  the  method  of  interspecies  cell 
hybridization,  will  permit  better  assignment  of  the  location  of  specific 
human  genes,  normal  and  mutated,  to  specific  chromosomes.   Up  to  now,  this 
could  only  be  done,  tediously  and  imperfectly,  through  pedigree  studies 
of  human  families.   The  potential  increase  in  our  understanding  of  the 
genetic  map  of  homo  sapiens  and  his  genetic  disease  states  is  enormous. 

As  emphasized  above,  tissue  culture  is  an  extension  of  the  methodology 
(grov7th  of  uniform  populations  of  mutant  or  normal  cells)  previously  applied 
to  the  genetic  analysis   of  simpler  organisms,  such  as  bacteria.   Perhaps  an 
even  more  important  trend  is  the  extension  of  the  concepts  derived  from  such 
simple  organisms  to  the  potential  treatment  or  cure  of  human  genetic  disease. 
Like  bacterial  mutants,  human  sufferers  of  genetic  disease  can  often  be 
maintained  (1)  by  supplying  a  needed  product  of  a  blocked  metabolic  reaction 


(examples:   growth  hormone  for  treatment  of  hypopltuitary  dwarfism, 
insulin  for  juvenile  diabetes  mellitus)  or  (2)  by  removing  or  controlling 
abnormally  high  concentrations  of  the  accumulated  precursors  of  a  blocked 
metabolic  reaction  (examples:   control  of  phenylalanine  intake  in  phenyl- 
ketonuria or  of  milk  sugar  in  galactosemia).   A  third  approach,  well  studied 
in  bacteria,  is  to  supply  the  missing  gene  (DNA)  from  normal  donors.   This 
is  only  theoretically  possible  in  human  sufferers  of  genetic  disease, 
although  the  possibility  has  been  explored  in  several  symposia  and  the 
scientific  literature.   Although  the  use  of  DNA  for  therapy  is  obviously  in 
the  distant  future,  several  NIGMS  grantees  are  now  applying  their  talents 
in  attempting  to  lay  the  groundwork  for  this  approach  through  attempts  at 
specific  genetic  transformation  or  transduction  in  mammalian  culture  and  in 
animal  model  systems. 

We  have  described  a  definite  and  welcome  trend  of  geneticists  in  the  field 
to  apply  themselves  to  the  study  of  the  genetics  of  higher  organisms,  and 
the  great  relevance  of  this  to  our  understanding  of  human  genetic  disease. 
It  should  be  recognized,  however,  that  new  concepts,  techniques,  and  infor- 
mation continue  to  arise  through  the  study  of  the  molecular  genetics  of  the 
lower  forms — bacteria,  bacterial  viruses,  molds,  fruit  flies,  etc.   The 
last  decade  has  seen  the  unraveling  of  the  genetic  code,  an  understanding 
of  the  mechanism  of  protein  synthesis  by  which  the  genes  express  themselves 
through  the  synthesis  of  enzymes,  structural  proteins,  hormones,  and 
organelles,  and  the  development  of  important  new  concepts  concerning  the 
control  of  gene  activity.   These  concepts  have  had  a  direct  influence  on 
the  progress  of  research  in  human  genetic  disease.   It  is  becoming  increas- 
ingly evident,  however,  that  there  are  classes  of  genetic  disease  whose 
further  analysis  is  still  impeded  by  a  lack  of  the  relevant  basic  concepts 
and  information.   New  approaches  are  needed  to  the  structure,  mode  of  action 
and  genetics  of  biological  membranes  and  their  role  in  transport  and  in 
hormone  action.   It  is  also  clear  that  much  of  the  needed  information  on 
the  development  and  genetics  of  the  nervous  system  and  the  inheritance  of 
behavior  patterns  V7ill  arise  from  study  of  simpler  biological  systems. 

It  is  for  this  reason  that  the  NIGMS,  in  addition  to  its  increasing  concern 
with,  and  funding  of,  clinical  and  human  genetics,  continues  to  support 
that  great  body  of  basic  genetics  which  relates  to  simpler  organisms. 
These  are  the  studies  ^^7hich  will  be  needed  to  develop  the  burgeoning  medical 
genetics  of  the  future. 

Scientific  Accomplishments,  FY  71 

A.   Genetic  Analysis  of  Somatic  Cells  in  Tissue  Culture 

The  application  of  cell  hybridization  techniques  to  the  genetic  analysis 
of  human  cells  is  one  of  the  most  important  developments  in  genetics  of 
the  last  few  years.   Like  many  radical  developments  in  genetics,  this  new 
methodology  cannot  be  attributed  to  any  one  simple  "breakthrough"  in  any 
one  laboratory,  at  any  one  time.   The  basic  phenomenon  was  studied  as 
early  as  1954  in  Europe  and  Japan.   However,  there  has  been  an  increasing 
momentum  in  its  application  in  the  last  one  or  tv;o  years,  particularly  in 
this  country.   These  techniques  are  being  applied  to  the  genetic  mapping 


of  human  chromosomes  and  promise  to  supplement  strongly  human  genetic 
analysis  based  on  family  and  population  studies. 

One  NIGMS  grantee  who  has  pioneered  in  this  new  development  is  Frank  H. 
Ruddle.   He  has  concentrated  chiefly  on  Interspecific  hybrids  of  human  and 
mouse  cells.   These  hybrids  are  unique  in  that  they  exhibit  a  rapid  and 
preferential  loss  of  the  human  chromosomes.   Those  human  chromosomes  that 
are  retained  in  any  particular  culture  can  be  identified,  and  the  presence 
(or  loss)  of  specific  chromosomes  can  be  correlated  with  retention  (or  loss) 
of  functional  human  enzymes.   Dr.  Ruddle  currently  has  methodology  for  some 
30  human  enzyme  markers,  and  hopes  to  improve  this  list  to  40-50.   Utilizing 
this  number  of  markers  should  enable  him  to  locate  at  least  one  marker  on 
each  of  the  23  human  chromosomes,  and  to  establish  a  significant  number  of 
linkage  relationships. 

Modern  techniques  of  molecular  genetics  such  as  DNA  hybridization  and 
radioautography  can  be  readily  adapted  to  this  system.   In  short,  many  of 
the  new  methods  found  so  useful  in  analyzing  bacterial  systems  can  now  be 
adapted,  for  the  first  time,  to  mammalian  and  human  cells. 

B.   Progress  in  Cell  Division  and  Gene  Replication 

The  mechanism  by  which  cells  divide,  and  the  regulation  of  this  process, 
remains  one  of  the  great  unsolved  problems  in  biology.   The  process  is 
central  to  our  understanding  of  morphogenesis  and  differentiation,  i.e., 
the  steps  leading  to  the  development  of  a  complex:,  multicellular  organism 
from  a  single  cell.   The  response  of  the  process  to  stress,  as  in  wound 
healing,  and  its  derangements,  as  in  cancer,  are  of  clear  biomedical 
importance. 

Genes  and  chromosomes  must  replicate  prior  to  the  onset  of  cell  division 
in  order  to  assure  that  each  daughter  cell  has  a  full  complement  of  genetic 
information.   Indeed,  the  completion  of  a  round  of  DNA  replication  may  be 
the  actual  signal  for  cell  division  proper.   Almost  two  decades  ago,  the 
discovery  by  Arthur  Romberg  of  the  enzyme  DNA  polymerase  promised  ready 
analysis  of  the  process  of  DNA  replication.   It  now  appears  that  the  process 
is  far  more  complex  than  v;as  previously  imagined,  and,  even  for  a  simple 
bacterium,  is  deeply  integrated  into  the  overall  economy  of  the  cell,  its 
membranes,  and  a  host  of  enzymes  and  protein  factors.   IX'JO  findings  by 
NIGMS  grantees,  one  of  them  a  radical  methodological  advance,  are  cited 
as  typical  examples  of  recent  advances  in  this  area. 

1.   Purification  and  Separation  of  DNA  Binding  Proteins 

A  constellation  of  enzymes  and  other  proteins  interact  with  DNA,  the  genetic 
material  of  the  cell.   Some  of  these  effect  the  precise  replication  of  DNA, 
prior  to  cell  division.   Others,  the  RNA  polymerases,  carry  out  the  copying 
of  the  correct  nucleotide  sequences  of  stretches  of  DNA  into  messenger  RNA, 
the  actual  template  for  the  synthesis  of  protein.   Depending  on  the  state 
of  the  cell  and  its  needs,  some  stretches  of  the  DNA  are  copied  and  used 
for  protein  synthesis,  V7hile  others  are  not.   Regulatory  proteins,  the 
repressors,  bind  to  very  specific  regions  of  the  DNA,  and  prevent  their 
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being  copied  and  ultimately  expressed  as  protein.   The  tightness  of  this 
binding  for  each  of  the  repressors  is  specifically  modified  by  the  avail- 
ability of  various  substances  in  the  cell  and  its  environment. 

In  bacteria,  another  group  of  DNA-binding  proteins  is  active  in  the  defense 
against  invading  viruses.   They  recognize  foreign  nucleic  acid  and  break 
it  do\>m.   Similar  mechanisms  may  operate  in  higher  organisms. 

Conversely,  damage  to  the  cell's  ov7n  DNA,  due  to  radiation  or  some  drugs, 
is  repaired  by  yet  another  series  of  enzymes. 

It  is  evident,  therefore,  that  many  different  proteins  must  interact  with 
genetic  material  for  proper  cell  function.   Many  of  these  have  not  yet  been 
identified,  while  others  must  be  more  highly  purified  in  order  to  under- 
stand their  function  and  those  features  of  their  structure  that  assure 
their  remarkable  specificity.   The  health  relatedness  of  work  on  such 
proteins  is  also  clear,  particularly  when  it  is  recognized  that  DNA  and  its 
associated  proteins  are  the  target  for  many  of  the  antibiotics  and  other 
drugs . 

Therefore,  a  new  technique  that  specifically  separates  proteins  from  the 
bulk  of  cell  material  on  the  basis  of  their  affinity  for  DNA  is  of  great 
significance  to  progress  in  biology  and  molecular  genetics. 

NIGMS  grantees  Drs .  Bruce  Alberts  and  Glenn  Herrick,  of  Princeton  University, 
have  been  able  to  link  large  amounts  of  native  DNA  to  an  inert  cellulose 
matrix,  and  have  used  the  resultant  material  as  a  chromatographic  medium. 
They  have  shown  that,  under  appropriate  conditions,  many  proteins  that  bind 
to  DNA  may  thus  be  separated  and  purified. 

They  have  already  purified  the  gcne~32  protein  of  bacteriophage  T4.   The 
existence  of  such  a  protein  was  postulated  as  a  factor  in  DNA  replication 
on  the  basis  of  genetic  evidence,  but  it  could  not  previously  be  isolated. 
It  now  appears  that  this  protein  functions  in  replication  by  locally 
denaturing  regions  of  the  native  DNA,  thus  loosening  the  double-stranded 
molecule  and  making  it  more  accessible  to  other  enzymes  involved  in  replica- 
tion.  They  are  now  using  the  new  techniques  on  mammalian  systems  and  have 
preliminary  evidence  that  mammalian  proteins  entirely  analogous  to  the  T4 
gene-32  protein  do  exist. 

2.   Discovery  of  a  Role  for  Histone  Proteins  in  Gene  Replication 

The  best  available  model  for  describing  how  the  genetic  material  of  a  cell 
or  organism  is  replicated  is  that  developed  from  studies  of  the  small  RNA 
bacteriophage  that  infects  the  bacterium  Escherichia  coli.   Workers  in 
several  laboratories  have  shov7n  that  it  is  possible  to  synthesize  infectious 
bacteriophage  RNA  with  proteins  isolated  from  the  infected  cell.   Dr.  J.  T. 
August's  laboratory  has  succeeded  in  completely  purifying  all  of  the 
components  required  for  this  biosynthesis  and  for  the  first  time  can  begin 
to  describe  in  detail  the  respective  role  of  each  of  the  proteins  involved 
in  the  replication  of  a  genetic  apparatus.   Six  proteins  are  required  to 
effect  the  overal]  process.   The  polymerase  enzyme  itself  is  made  up  of 
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four,  three  provided  by  the  host  cell  and  one  coded  by  the  bacteriophage 
genome.   In  addition,  two  other  host  protein  factors  which  act  with  the 
bacteriophage  RNA  template  in  the  reaction  are  also  required.   One  of 
these  host  factors  is  particularly  interesting;  it  has  the  properties  of  a 
basic  protein,  and  it  x^^as  recently  discovered  that  it  can  be  replaced  by 
animal  cell  histone.   This  provides  a  specific  assay  for  the  biological 
effect  of  histones  and  confirms  that  these  should  be  regarded  as  positive 
regulators  of  gene  action. 

C.  Advances  in  Cytogenetics 

Several  NIGMS-supported  researchers  are  extending  the  breakthrough  in 
mapping  chromosomes  that  was  brought  about  by  the  introduction  of  fluores- 
cent staining  of  human  chromosomes.   This  technique,  plus  the  addition  of 
a  more  recently  developed  Giemsa  stain  technique,  now  allows  the  complete 
identification  of  the  various  chromosomes.   Cytologically  defective  indi- 
viduals are  no^^7  beginning  to  be  characterized  precisely  as  to  chromosome 
complement  for  the  first  time.   This  has  been  a  completely  unexpected 
spin-off  from  basic  genetic  research. 

D.  Detection  of  Hidden  Carriers  of  Genetic  Disease 

A  simplified,  sensitive  method  was  developed  by  one  of  our  grantees  for 
identifying  heterozygotes  for  the  locus  which  determines  the  enzyme 
hypoxanthine-guanine  phosphororibosyltransf erase  (IIG-PRT).   Mutations  at 
this  locus  cause  Lesch-Nyhan's  disease  (L-N) .   The  test  relies  on  the 
resistance  of  HG-PRT-def icicnt  cells  to  the  effects  of  8-azaguanine  (AG), 
a  substance  which  inhibits  growth  of  normal  cells.   Heterozygotc  carriers 
of  the  disease  have  some  HG-PRT-def icient  (i.e.,  mutant)  cells.   The  method 
was  used  effectively  in  identifying  previously  unknown  carriers  and  in 
prenatal  diagnosis.   With  this  type  of  identification  it  may  ultimately 
be  possible  to  modify  the  pathological  expressions  of  the  L-N  mutation  by 
appropriate  treatments  of  embryos  at  critical  stages. 

Genetic  factors  are  involved  in  all  diseases.   The  relative  significance 
of  genetic  and  exogenous  factors  varies  from  disease  to  disease.   With 
Lesch-Nyhan's  syndrome,  the  genetic  factors  are  of  major  importance. 
Identification  of  the  gene  in  a  heterozygotic,  or  hidden,  form  will  permit 
the  development  of  much-needed  genetic  counseling  for  both  potential  and 
actual  parents  throughout  the  nation. 

E.  Fruit  Flies,  Mutation,  and  Man 

A  research  project  in  population  genetics  has  obtained  evidence  that  muta- 
tions with  small  effects,  "polygenic"  mutations,  arise  spontaneously  in 
Drosophila  Xi7ith  a  frequency  at  least  15  times  as  high  as  the  more  readily 
recognized  recessive  lethals.   Furthermore,  it  was  shotvm  that  these  mutations 
are  commonly  expressed  in  the  heterozygous  state.   This  has  the  practical 
conclusion  that  the  effect  of  mutation  on  a  population  may  be  considerably 
larger,  more  immediate,  and  less  specific  than  has  previously  been  thought. 
If  the  Drosophila  conclusions  can  be  extrapolated  to  man  (there  is  very 
little  direct  information  on  this),  an  increased  human  mutation  rate  would 
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exert  a  major  part  of  its  influence  in  the  form  of  indivually  mild,  but 
possibly  numerous,  genetic  weaknesses.   The  threat  of  an  enhanced  human 
mutation  rate  from  environmental  agents  gives  a  practical  reason  for 
studying  such  mutants,  in  addition  to  their  basic  physiological  and 
evolutionary  interest. 
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CELL  STRUCTURE  AND  FUNCTION 

A.   Cell  Structure 

Research  in  cell  structure  requires  instrumentation  capable  of  discerning 
the  molecular  architecture  of  cellular  constituents  and  their  inter- 
actions.  For  instance,  Dr.  Lubert  Stryer  of  Yale  University  currently 
utilizes  fluorescence  techniques  which  virtually  permit  observation  of  an 
enzyme  as  it  participates  in  cellular  reactions.   Such  monitoring  allows 
an  investigator  to  observe  the  reaction  as  well  as  products  of  the  reaction. 

Another  phase  of  Dr.  Stryer 's  program  is  an  investigation  of  cell  membranes. 
It  is  known  that  such  membranes  are  involved  in  many  biological  processes, 
such  as  energy  conversion,  cell  division,  and  nerve  impulse  control.   It  is 
also  kno\«i  that  the  surface  of  cancerous  cells  contains  distinctive  molecular 
markers.   Dr.  Stryer  and  his  associates  have  devised  a  technique  by  which 
membrane  structure  and  function  can  readily  be  studied  with  fluorescence 
methods.   Tiny  spherical  bilayer  lipid  membranes  (4  mm  in  diameter)  are 
formed  in  an  aqueous  sucrose  density  gradient  that  stabilizes  them;  these 
membranes  are  made  fluorescent  by  introducing  a  fluorescent  probe  which  has 
a  structure  similar  to  that  of  a  normal  membrane  component.   The  fluorescent 
probe  serves  as  a  reporter;  the  intensity,  spectral  distribution,  and 
polarization  of  the  fluorescence  provide  detailed  information  concerning 
the  structure  and  dynamics  of  the  membrane.   Such  an  arrangement  can  be  used 
as  a  matrix  to  orient  functional  assemblies  of  proteins  which  perform 
crucial  cellular  functions. 

Many  genetic  diseases  are  expressed  at  the  molecular  level  by  the  production 
or  synthesis  of  an  abnormal  protein  (e.g.,  sickle  cell  anemia).   Such  a 
protein  arises  from  erroneous  or  altered  genetic  information.   Other 
metabolic  malfunctions  have  been  shown  to  be  derived  directly  from  the 
absence  or  overabundance  of  a  particular  enzyme  (e.g.,  galactosemia). 
While  some  diseases  are  clearly  recognized  as  resulting  from  such  protein 
deficiencies,  a  number  of  scientists  suspect  that  there  may  be  classes  of 
genetic  diseases  which  occur  due  to  malfunctioning  of  enzyme  subunits,  rather 
than  to  an  inadequate  supply  or  complete  lack  of  the  enzyme.   During  the 
past  year,  Dr.  Michael  Rossman  of  Purdue  University  delineated  the  first 
three-dimensional  structure  of  an  enzyme  composed  of  subunits.   The  subject 
enzyme,  lactic  dehydrogenase,  is  composed  of  four  subunits  which  are  poly- 
peptide chains,  and  which  interact  in  such  a  manner  as  to  control  the 
activity  of  the  molecule.   Dr.  Rossman 's  achievement  in  the  case  of  LDH 
provides  a  system  in  which  the  interactions  of  the  subunits  of  this  class 
of  compounds  can  be  observed  directly  in  order  to  assess  this  hypothesis. 

One  of  the  most  provocative  of  all  biochemical  problems  is  the  elucidation 
of  the  physical  arrangement  of  both  transfer  RNA  and  messenger  RNA  during 
protein  synthesis.   Dr.  Charles  Cantor  of  Columbia  University  is  attempting 
to  achieve  a  detailed  understanding  of  the  action  of  transfer  RNA  in 
protein  synthesis  by  the  use  of  fluorescence  spectroscopy.   He  has  been 
successful  in  synthesizing  transfer  RNA-like  compounds.   These  compounds 
exhibit  the  same  shape,  size,  and  reactivity  as  does  transfer  RNA,  and  by 
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by  substituting  them  in  experiments,  he  has  been  able  to  determine  to  a 
large  extent  the  exact  mechanism  whereby  the  correct  amino  acid  is  selected 
in  protein  synthesis.   In  addition,  Dr.  Cantor  is  examining  the  structures 
of  antibiotics  in  an  attempt  to  determine  the  exact  mechanism  of  action 
of  this  large  class  of  compounds.   Specifically,  he  has  developed  a  tech- 
nique using  fluorescence  spectroscopy  to  indicate  how  antibiotics  bind 
with  the  nucleic  acids.   He  is  also  observing  how  such  molecules  as 
mutagens,  carcinogens,  and  antibiotics  modify  or  perturb  the  structure 
of  the  nucleic  acids  with  which  they  interact. 

It  is  nov7  possible  to  examine  a  macromolecule  in  dimensions  which  allow 
us  to  perceive  many  details  of  its  chemical  composition  as  well  as  its 
physical  conformation.   Determination  of  these  parameters  is  essential 
to  the  prediction  of  a  molecule's  functional  characteristics  as  well. 
While  many  investigators  are  presently  examining  a  number  of  the  physical 
characteristics  of  DNA,  Dr.  Michael  Beer  of  Johns  Hopkins  is  currently 
constructing  a  highly  versatile  scanning  electron  microscope  with  which 
he  hopes  to  read  the  base  sequence  of  this  vitally  important  molecule. 

The  refinement  and  use  of  ne\jly   acquired  instrumentfttion  in  biophysical 
research  continues  to  provide  specific  research  tools  of  broad  applica- 
bility.  Such  instrumentation  includes  ultrahigh  resolution  electron 
microscopy,  macromass  spectrometry  and  microprobes  for  following  ultra- 
rapid  enzyme  reactions. 

Research  in  cell  structure  is  being  encouraged  and  sponsored  in  the 
following  problem  areas: 

(1)  Elucidation  of  three-dimensional  structural  properties  of 
key  macromolecules  and  correlation  of  these  with  their 
functional  characteristics. 

(2)  Correlation  of  representative  model  enzymes  with  enzymes  occurring 
in  living  cells  and  which  are  involved  in  essential  biological 
reactions . 

(3)  Development  of  instrumentation  needed  to  extend  investigations 
at  the  ultrastructural  level  where  essential  methodologies 
must  be  constantly  developed  and  evaluated. 

The  guiding  rationale  in  this  program  is  to  encourage  those  projects 
which  appear  most  likely  to  lay  the  basis  for  handling  and  studying  the 
structure  and  function  of  complex  biological  molecules  and  molecular 
assemblies,  such  as  viruses,  membranes,  vaccines,  and  drug  receptor  sites, 
and  eventually  to  apply  the  results  of  these  efforts  to  the  diagnosis  and 
control  of  disease. 

B .   Cell  Function  (Whole  Cell  and  Subcellular) 

The  projects  in  cell  function  are  aimed  at  determining  the  nature  and 
location  of  functional  (as  compared  to  metabolic)  aspects  of  cells.   The 
discussion  of  specific  advances  made  in  these  areas  during  the  past  year 
follows . 
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Control  of  Protein  Synthesis 

The  main  objective  of  Dr,  Paul  Gross  and  his  group  at  M.I.T.  during  the 
past  year  has  been  to  identify  at  least  one  each  of  the  two  classes  of 
RNA  messages  that  control  protein  synthesis  during  sea  urchin  development. 
From  the  class  of  embryonic  messages  (transcribed  during  development  and 
used  immediately),  they  selected  those  encoding  chromosomal  histones.   The 
histone  message  complex  (three  species  of  9S  RNA)  has  been  isolated  and 
partially  purified.   Three  protein  products  of  these  messages  have  been 
identified  which  move  continuously  from  the  cytoplasm  to  the  nucleus 
during  the  period  of  cleavage. 

The  search  was  more  arduous  for  representatives  of  the  class  of  maternal 
messages  which  are  transcribed  and  stored  during  oogenesis,  but  it  has  been 
completed  successfully.   The  sea  urchin  egg  has  a  pool  of  colchlcine- 
binding  proteins,  the  size  of  which  does  not  change  during  the  whole  of 
early  development  (beyond  even  the  time  when  cilia  are  produced  at  hatching). 
This  pool  has  the  following  properties:   (1)  its  contents  are  precipitated 
with  fair  selectivity  by  Vinca  alkaloids,  and  can  hence  be  purified; 
(2)  it  is  drawn  upon  continuously  for  the  formation  of  structures,  both 
temporary  (e.g.,  mitotic  apparatus)  and  permanent  (e.g.,  cilia);  (3)  the 
size  of  the  pool  is  maintained  by  continuous  synthesis  of  the  tubulins  on 
polyribosomes;  (4)  the  messenger  RNA  encoding  the  tubulins  is  present  and 
translated  at  normal  rates  even  if  RNA  synthesis  is  blocked  after  fertiliza- 
tion.  Hence  this  defines  "maternal"  messenger  RNA. 

Exploitation  of  these  facts  to  analyze  control  mechanisms  that  govern 
protein  synthesis  (and  hence  differentiation)  in  embryos  has  been  the 
primary  goal  of  this  group.   For  the  embryonic  histone  mRNA  there  novj 
exists,  for  the  first  time,  the  possibility  of  tracing  the  natural  history 
of  an  animal  cell  message  from  the  site  of  transcription  in  the  nucleus  to 
the  site  of  translation  in  polyribosomes. 

Structural  Proteins 

In  the  laboratory  of  Dr.  Daniel  Mazia  a  number  of  different  problems  are 
under  investigation,  of  which  the  following  are  examples. 

Various  lines  of  evidence  have  suggested  a  general  molecular  basis  v/ithin 
each  kind  of  cell  structural  element,  such  as  a  microfibril.   The  next 
problem  is  to  determine  to  what  extent  there  is  a  common  molecular  basis 
among  many  kinds  of  structural  elements.   In  support  of  this  idea  they 
found  a  similar  reaction  betv/een  vinblastine  and  all  the  kinds  of  structural 
proteins  they  have  so  far  tested.   An  extension  of  these  studies  has 
produced  some  definitive  results.   A  study  of  red  blood  cells  brought  to 
Dr.  Mazia  by  a  physician  from  a  patient  suffering  from  hereditary  sphero- 
cytosis revealed  definite  physicochemical  abnormalities.   ATPase  studies 
of  these  erythrocytes  showed  that  their  membranes  contain  only  half  of 
the  Ca-ATPase  that  is  found  in  normal  erythrocyte  membranes.   Such  results 
suggest  ways  of  interrelating  the  structural  and  functional  aspects  of 
inherited  defects  at  the  cellular  and  molecular  levels. 
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Ion  Transport  and  Membrane  Permeability 

Dr.  Mazia's  group  has  been  successful  in  the  development  of  an  extremely 
minute  potassium-sensing  electrode  and  is  working  on  others.   These 
permit  them  to  observe  phenomena  within  cells,  such  as  changes  in  membrane 
permeabilities  and  ionic  activities  that  cannot  be  studied  in  any  other 
way.   This  now  makes  possible  the  solution  of  important  problems  of  intra- 
cellular electrolytes  which  have  long  been  subjects  of  medical  research. 
Since  the  reversal  of  membrane  potentials,  which  has  been  traced  to  an 
influx  of  sodium  ions,  occurs  very  quickly  in  a  nerve  membrane  and  relatively 
slowly  in  the  fertilization  membrane  of  a  sea  urchin  egg,  the  latter  system 
permits  a  closer  study  of  the  phenomena  than  is  possible  in  a  nerve 
itself.   Thus  far  no  changes  have  been  found  in  the  membrane  potential 
associated  with  mitosis  itself  nor  in  the  potassium  ion  concentration. 
Evidence  has  also  been  uncovered  relating  calcium  ions  to  the  stimulation 
of  mitosis  and  the  mitotic  cycle;  microelectrodes  are  currently  being 
developed  to  measure  the  concentration  of  this  ion  accurately  within 
dividing  cells. 

Dr.  Gilbert  N.  Ling  has  for  some  years  proposed  a  theory  of  ion  permea- 
bility and  transport  v/hich  runs  counter  to  the  generally  accepted  membrane 
theory,  as  a  result  of  which  he  has  become  a  controversial  figure.   The 
importance  of  this  controversy  is  such  that  NIGMS  is  continuing  to  support 
his  work  and  expecting  that  ultimately  the  tenable  portions  of  both 
theories  will  become  reconciled  to  the  benefit  of  cell  research  in  general. 

According  to  the  classical  membrane  theory,  the  outermost  layer  of  any 
living  cell  consists  of  a  membrane  which  is  a  universal,  rate-limiting 
barrier  to  the  traffic  of  water  and  all  solutes  between  the  cell  interior 
and  the  external  environment.   A  second  implicit  assumption  is  that  there 
is  no  significant  interaction  beti\7een  the  cell  proteins  and  the  cell  water, 
which  was  postulated  to  be  essentially  the  same  as  any  dilute  salt  solu- 
tion.  On  the  basis  of  these  assumptions,  the  mechanics  of  water  and  solute 
distribution  and  cell  volume  can  be  expressed  in  terms  of  membrane 
permeability.   Some  difficulties  arose  when  accounting  for  the  observed 
movement  of  a  solute  against  a  gradient,  and  to  explain  this  the  sodium 
pump  hypothesis  was  advanced.   It  soon  became  necessary  to  have  a  whole 
series  of  pumps  to  account  for  similar  movement  of  other  electrolytes. 
However,  each  pump  requires  an  energy  supply,  and  the  total  may  exceed 
what  the  cell  can  supply  via  its  metabolic  activity.   Dr.  Ling  reached 
the  conclusion  that  in  muscle  cells  the  minimum  energy  need  for  the  pumps 
is  1500-3500  percent  of  the  maximum  available  supply,  assuming  100  percent 
efficiency. 

Based  on  evidence  gathered  from  the  abnormal  freezing  pattern  of  water 
and  the  abnormal  nuclear  magnetic  resonance  spectra,  he  has  observed  that 
the  cell  water  is  in  a  different  state  than  the  water  in  a  dilute  salt 
solution.   Also,  by  using  the  technique  of  influx  profile  analysis,  he 
found  that  tritium-labeled  water  entered  a  single  frog  ovarian  egg  with 
a  more  or  less  uniform  rate  throughout  the  entire  cell  (bulk-phase-limited 
diffusion).   This  shows  that  the  cell  membrane  is  no  more  resistant  to 
water  movement  than  the  cytoplasm,  which  disproves  one  of  the  basic  tenets 
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of  the  membrane  theory.   Similar  observations  were  made  with  many  non- 
electrolytes.   In  the  face  of  this  evidence  against  the  membrane  pump 
theory,  Dr.  Ling  sought  a  new  model  of  the  living  cell,  both  to  interpret 
the  vast  amount  of  data  already  accumulated  and  to  guide  future  research. 
His  association-induction  hypothesis  considers  the  maintenance  of  the 
pattern  of  solute  distribution  to  reflect  the  properties  of  the  entire 
protoplasm  and  maintains  that  the  steady-state  levels  of  all  the  solutes 
in  a  living  cell  represent  metastab].e  equilibrium  states.   It  also  takes 
into  consideration  the  fact  that  intracellular  solutes  exist  in  two 
states:   (1)  solution  in  the  cell  water  and  (2)  adsorption  onto  cell 
proteins  and  other  macromolecules .   Some  experiments  indicate  that  cell 
proteins,  in  vitro,  have  the  capability  of  organizing  water  into  polarized 
multilayers.   His  studies  have  shown  that  increasing  the  K+  ion  concentra- 
tion in  frog  sartorius  muscle  reduces  the  level  of  intracellular  Na+ 
ion,  which  suggests  that  the  K+  ion  is  competing  with  an  adsorbed  fraction 
of  Na+  ion.   llie  work  of  another  investigator  indicates  that  about  tv/o- 
thirds  of  the  intracellular  Na+  ion  is  bound. 

Dr.  Ling's  continued  studies  on  ion  permeability  and  transport  have  led 
him  to  the  conclusion  that  the  real  answer  to  problems  of  transport 
probably  lies  somewhere  between  the  generally  accepted  membrane  theory 
and  his  theory  of  a  protopoasraic  gel  with  bound  ^^7ater.   It  has  since  been 
found  that  a  part  of  all  solvents  in  a  cell  are  in  the  free  state  and  that, 
since  the  movement  of  K  ions  is  surface  limited,  the  surface  does  present 
a  barrier  of  a  sort. 

Structure  of  Chromosomes 

Fibers  appear  to  be  the  only  structural  component  of  chromosomes.   Under 
the  electron  microscope  the  diameter  of  chromosome  fibers  usually  appears 
to  be  about  100  Angstroms  (A)  or  slightly  less,  but  chromosomes  isolated 
by  spreading  cells  on  the  surface  of  distilled  v/ater  show  fibers  that  are 
about  250  A  in  diameter.   This  discrepancy  in  fiber  dimensions  raises  the 
question  as  to  which  diameter  is  found  in  the  _in  vivo  chromosome.   An 
answer  to  this  question  is  of  fundamental  significance  for  efforts  to 
determine  the  molecular  structure  of  chromosomes,  including  the  relative 
proportions  of  DNA,  histone  and  nonhistone  protein,  and  how  these  com- 
ponents are  arranged  within  the  chromosome  fiber. 

Dr.  Stephen  L.  Wolfe  and  an  associate  have  set  out  to  resolve  this  issue, 
lliey  reasoned  that  the  thicker  250  A  dimension  of  the  surface-spread 
fibers  might  be  an  artifact  produced  by  contamination  of  the  thinner 
fibers  during  the  isolation  procedure,  and  suggested  that  extrachromosomal 
proteins  might  be  involved.   If  this  explanation  is  correct.  Isolated 
chromosomes  should  shov/  a  different  protein  composition  than  sectioned 
chromosomes.   Light  microscope  cytochemistry  v/as  used  to  compare  the  protein 
composition  of  chromosomes  in  both  the  sectioned  and  isolated  state.   The 
results  obtained  clearly  support  the  hypothesis  that  the  250  A  diameter  is 
an  artifact.   Staining  for  DNA  and  histones  is  essentially  the  same  in 
sections  of  fixed  and  embedded  as  in  isolated  chromosomes.   Hov/ever, 
striking  differences  v/ere  noted  in  the  distribution  of  nonhistone  proteins, 
which  appear  to  be  normally  concentrated  in  extrachromosomal  areas. 
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Chromosomes  isolated  by  surface  spreading  stain  intensely  for  nonhistone 
proteins.   This  suggests  that  extrachrcmosomal  proteins  bind  to  the  chromo- 
somes as  a  contaminant  during  the  isolation  procedure.   The  evidence  to 
date  therefore  suggests  that  the  100  A  diameter  of  sectioned  chromosome 
fibers  probably  is  closer  to  the  i^  vivo  condition  than  is  the  thicker 
diameter  found  after  isolation. 

Dr.  Hans  Ris  and  his  associates  have  also  been  investigating  the  sub- 
microscopic  organization  of  chromosomes.   They  found  that  digestion  of  a 
100  A  fiber  with  pronase  (a  protgolytic  enz^nne  of  bacterial  origin) 
leaves  a  single  fibril  about  25  A  thic^  which  is  sensitive  to  DNase. 
They  concluded  from  this  that  the  100  A  fiber  contains  a  single  DNA  double 
helix,  associated  with  histone.   Tlie  X-ray  scattering  curve  of  calf  thymus 
deoxyribonucleohistone  (DNH)  confirmed  the  presence  of  elongated  particles 
with  an  average  diameter  of  approximately  100  A.   Although  the  precise 
arrangement  of  DNA  in  the  100  A  fiber  is  still  unknown,  it  does  appear 
to  be  composed  of  coiled  or  folded  25  A  diameter  strands. 

In  some  recent  collaborative  work  using  Hela  cells  and  newt  erythrocytes, 
Dr.  Ris  observed  that  DNH  can  be  unraveled  into  fibers  about  30  A  thick, 
by  treatment  v/ith  10  percent  mercaptoethanol  and  8M  urea,  without  solu- 
bilizing  the  histones.   In  Radiolaria  he  found  only  30  A  fibers,  none  of 
100  A.   In  his  latest  work,  by  the  use  of  high-voltage  electron  microscopy, 
he  was  able  to  get  penetration  to  the  depth  of  one  micron  with  a  resolution 
of  about  10  A,  which  enabled  him  to  observe  directly  the  arrangement  of 
fibers  in  a  chromosome. 

C .   Cell  Function  (Metabolic  Function) 

This  aspect  of  the  Fundamental  Sciences  Program  is  directed  primarily 
toward  an  understanding  of  the  metabolic  activities  of  cells  through 
studies  at  the  subcellular  level. 

Each  metabolic  step  in  living  organisms  is,  as  far  as  we  know,  mediated 
by  an  enzyme  or  a  group  of  enzymes ,  which  determine  not  only  the  occur- 
rence of  each  metabolic  reaction  but  also  control  its  rate.   If  these 
enzymes  are  altered  or  missing,  essential  processes  required  for  body 
metabolism  will  be  correspondingly  altered,  usually  with  serious  con- 
sequences.  Indeed,  many  chronic  diseases  are  known  which  appear  to  have 
their  origin  in  the  absence  or  alteration  of  a  single  enzyme  or  group  of 
enzymes.   Research  on  the  occurrence,  characteristics,  and  function  of 
enzymes  is  therefore  essential  for  an  understanding  of  normal  metabolism 
as  well  as  of  abnormal  metabolism  associated  with  disease. 

NIGMS  has  long  had  an  active  program  of  support  for  basic  enzymology,  which 
complements  portions  of  the  cell  structure  program.   Current  research 
includes  studies  on  the  following:   (1)  the  physical  structure  of  the 
enzyme  molecule  and  the  changes  in  its  function  as  this  structure  is 
altered;  (2)  the  mechanism  of  enzyme  action,  including  the  structure  and 
function  of  the  enzyme-substrate  complex;  (3)  the  location  and  structure 
of  the  specific  active  region  of  the  enzyme  m.olecule;  (4)  the  kinetics  of 
enzyme  activity;  (5)  the  metabolism  of  specific  compounds  through  the 
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mediation  of  enzymes;  (6)  the  interaction  of  enzymes  with  other  substances, 
such  as  hormones,  in  the  control  of  metabolism, 

Noteworthy  work  in  many  aspects  of  enzymology  and  metabolic  function  has 
been  performed  by  investigators  supported  through  this  program  during  the 
past  year.   The  following  are  cited  as  examples  of  such  accomplishments. 

The  1970  Nobel  Prize  in  Chemistry  was  awarded  to  Dr.  Luis  F.  Leloir, 
long  recognized  as  one  of  the  world's  outstanding  carbohydrate  biochemists, 
whose  research  has  been  supported  by  NIGMS  for  many  years.   (Dr.  Leloir 's 
current  project  on  "Enzymes  and  Coenzymes  Acting  on  Hexose  Phosphates"  is 
funded  by  grant  GM  03442-18.)   With  long-range  support  from  NIGMS, 
Dr.  Leloir  demonstrated  the  role  of  the  nucleoside  diphosphate  sugars  in 
the  interconversion  of  sugars  and  in  the  synthesis  of  glycogen  and  starch. 
This  discovery  has  already  had  important  medical  applications,  and  has 
additional  far-reaching  significance  for  current  studies  of  inherited 
metabolic  diseases. 

Recent  work  in  the  laboratory  of  Dr.  Robert  T.  Schimke,  supported  by 
grant  GM  14931-05,  has  been  directed  at  studying  the  influence  of  genetic 
determinants  on  the  interaction  between  altered  rates  of  enzyme  synthesis 
and  of  degradation  in  metabolic  control.   The  group  has  readily  identified 
mutations  that  separately  affect  the  rates  of  synthesis  and  of  degradation 
of  specific  enzymes  in  liver  of  inbred  mouse  sti-ains.   These  findings  are 
important  in  showing  that  genes  regulate  both  enzyme  synthesis  and 
degradation  in  higher  organisms.   The  study  of  such  mutations  will  be 
instrumental  in  furthering  knowledge  of  biochemical  regulation  in  higher 
organisms,  just  as  the  study  of  mutations  has  been  so  fruitful  in  under- 
standing of  metabolic  regulation  in  microorganisms.   The  long-term  importance 
of  this  basic  research,  of  course,  is  not  now  apparent.   Hov7ever,  it  is  clear 
that  the  control  of  protein  synthesis  and  degradation  in  higher  organisms 
is  a  central  life  process,  as  for  instance  the  probable  role  of  protein 
degradation  in  aging. 

The  metal  molybdenum  is  well  known  for  its  use  in  high-strength  steel.   Less 
known  is  the  fact  that  it  is  an  essential  trace  element  in  the  nutrition 
of  nearly  all  organisms,  including  man.   Molybdenum  had  previously  been 
shown  to  be  a  constituent  of  xanthine  oxidase.   Now  investigators  at 
Duke  University,  with  support  from  NIGMS,  have  discovered  that  it  is  a 
vital  co-factor  in  the  enzyme  sulfite  oxidase.   This  finding  is  relevant 
to  health  for  several  reasons.   Man  is  increasingly  exposed  to  sulfur 
dioxide,  a  v/idely  prevalent  atmospheric  pollutant.   Sulfur  dioxide  enters 
the  body  through  the  lungs,  where  it  is  changed  to  sulfite,  which  is  toxic 
and  can  accumulate  to  lethal  levels  unless  degraded  by  sulfite  oxidase. 
It  therefore  is  conceivable  that  a  deficiency  of  molybdenum  with  a  cor- 
responding deficiency  in  the  body's  ability  to  produce  sulfite  oxidase 
would  increase  the  risk  of  damage  from  unusual  atmospheric  concentrations 
of  sulfur  dioxide.   Sulfite  also  is  formed  naturally  in  the  body  from  the 
metabolism  of  sulfur-containing  amino  acids  derived  from  dietary  proteins, 
and  must  likewise  be  detoxified.   Knowledge  of  the  role  of  molybdenum  in 
this  process  could  open  new  avenues  to  therapy  in  the  genetic  defect 
characterized  by  sulfite  oxidase  deficiency. 
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CLINICAL  AND  APPLIED  SCIENCES 


PHAK1I/\C0L0GY-T0XIC0L0GY  PROGRA>I 

The  Pharmacology-Toxicology  Program  is  now  v.'ell  established  and  through  its 
research  and  training  support  has  had  a  very  significant  influence  on  the 
entire  discipline  of  pharmacology  and  toxicology.   This  program  has  played 
a  major  role  in  the  revitalization  and  reorientation  of  pharmacology  and 
toxicology  in  many  medical  and  other  professional  schools,  and  has  greatly 
facilitated  the  establishment  and  growth  of  clinical  pharmacology  as  an 
important  subdiscipline . 

Leadership  in  elucidating  the  principles  of  hov;  the  body  handles  drugs  (drug 
metabolism)  and  the  development  of  instrumentation  technology  applicable  to 
the  therapeutic  levels  of  drugs  in  man  has  brought  a  nev;  dimension  to  our 
understanding  of  the  biochemical  mechanisms  of  drug  action.   These  studies 
have  led  to  knowledge  of  the  relation  between  drug  dosage,  blood  levels,  and 
therapeutic  or  toxic  actions  and  to  an  understanding  of  many  factors  determinin 
the  wide  variability  in  response  of  different  individuals  to  the  same  drug 
dosagej  the  role  of  active  and  inactive  metabolites.   The  interactions  of  two 
or  more  drugs  are  being  defined  in  terms  that  will  improve  effectiveness  and 
insure  safety. 

The  principles  and  methodologies  that  have  developed  are  rapidly  being  applied 
to  nev;  problems  and  other  fields.   One  new  field,  pharmacogenetics,  is  rapidly 
emerging  which  delineates  the  important  influence  of  genetic  factors  on  drug 
response.   During  the  past  year,  it  has  become  increasingly  evident  that  the 
disease  state  itself  may  produce  important  changes  in  the  metabolism  and 
pharmacokinetics  of  drugs,  thus  requiring  distinctly  different  dosage  regimens. 
Important  differences  are  appearing  in  the  effects  of  drugs  and  how  they  are 
handled  in  the  himian  fetus  and  neonate  as  compared  with  the  adult  leading  to 
new  emphasis  on  perinatal  or  developmental  pharmacology.   Another  new  area, 
itniQunopharmacology,  is  the  relation  of  drugs  to  the  immune  response  as  illustra 
by  drug  allergies  and  drug  control  of  rejection  of  tissue  transplants.   These 
new  approaches  and  methodologies  are  equally  applicable  to  toxic  agents,  such 
as  industrial  poisons,  pesticides,  and  environmental  pollutants  with  a  result- 
ing upsurge  in  the  development  of  a  far  more  sophisticated  science  of  toxicolog; 
These  developments  have  direct  clinical  significance  for  the  greater  safety 
and  effectiveness  of  drugs.   Examples  of  new  findings  during  the  past  year  will 
be  described  under  the  Research  Highlights  section  of  this  report. 

Communications 

Since  1963  the  Pharmacology-Toxicology  Program  has  in  some  way  been  involved 
in  every  significant  meeting  in  pharmacology-toxicology.   The  Second  Pharmacolo; 
Toxicology  Program  Symposium  was  held  in  Washington,  D.  C. ,  May  17-19,  1971.   I 
was  highly  successful  from  all  points  of  view;  scientists  supported  by  the 
Institute  were  able  to  exchange  information  about  progress,  encourage  collabora 
and  identify  new  areas  of  research.   Participating  scientists,  representing  30 
institutions,  24  states,  and  2  foreign  countries,  included  those  directing 
NIGMS-supported  centers,  program  pro jects ,  regular  projects,  and  contracts. 
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Four  conferences  were  co-sponsored  during  19  70;  these  had  to  do  with  adverse 
drug  reaction  reporting  systems,  evaluation  of  the  mutagenicity  of  drugs, 
clinical  pharmacology,  and  drug  metabolism  in  man.   As  a  result  of  the  Conference 
on  Adverse  Drug  Reaction  Reporting  Systems,  the  Drug  Research  Board  (R(\S/NRC) 
has  recommended  the  establishment  of  a  National  Center  for  Drug  Surveillance 
in  part  based  on  our  successful  development  of  one  model  intensive  inpatient 
system. 

Workshops  planned  for  the  remainder  of  1971  will  be  concerned  with  mutagenicity, 
bioavailability,  pediatric  clinical  pharmacology,  and  immunopharmacology.   In 
addition,  the  program  staff  has  participated  in  various  presentations  to  the 
President's  Science  Advisory  Committee  and  in  university  lectures  and  radio 
and  television  programs. 

Program  Support 

Program  support  for  fiscal  year  19  71,  Table  1,  has  increased  approximately 

$1.5  million  to  $17  million,  as  compared  to  fiscal  year  1970,  with  $3,593  millioi 

designated  for  support  of  centers.   Research  grant  support  increased  by  about 

$1.0  million  and  research  contract  support  about  $0.5  million  over  fiscal 

year  19  70.   Table  2  shov;s  the  amounts  awarded  in  fiscal  year  19  71  according 

to  5  general  types  of  activities.   The  distribution  of  support  did  not  change 

appreciably. 

Funding  of  training  grants  has  been  essentially  constant,  v/ith  a  small  reduction 
of  $50,000  from  fiscal  year  1970.   As  a  result  of  level  funding  and  inflation, 
there  has  been  some  decrease  in  the  number  of  programs  and  the  number  of  trainee; 
The  total  expenditure  for  fellov7ships  increased  approximately  20  per  cent  over 
the  previous  year  to  $1,188  million,  despite  the  phasing  out  of  the  predoctoral 
fellowships. 

Support  for  the  intramural  research  associate  training  program  was  reduced  to 
15  stipends  at  $270,000  for  fiscal  year  1971.   This  will  be  stabilized  at  18 
appointments  in  fiscal  year  1972. 

MANPOWER 

The  program  staff  and  its  consultants  utilized  several  manpower  surveys  and 
projections  to  conclude  in  a  manpower  study  that,  in  order  to  meet  the  nation  s 
urgent  needs  in  research  areas  relating  to  pharmacology  and  toxicology,  Federal 
training  support  must  be  maintained  at  Its  present  levels  at  the  very  least. 
There  is  a  continuing  need  for  more  scientists  V7ith  the  required  diverse  train- 
ing and  experience  to  deal  with  the  many  problems  related  to  the  ubiquitous 
drugs  in  our  society  and  the  chemicals  in  our  environment. 

Training  Grants 

As  shov/n  in  Table  3,  there  is  a  decline  in  the  number  of  training  programs  in 
pharmacology  from  a  high  of  54  in  1966  with  a  gradual  decline  to  only  42  in 
FY  1971;  another  4  out  of  these  42  active  training  programs  in  pharmacology 
will  be  terminated  in  June  1972.-  During  FY  1971,  78  trainees  were  awarded  the 
Ph.D.  in  pharmacology.   The  number  of  trainees  will  remain  essentially  unchanged 
during  FY  1972.   About  one-half  of  all  the  pharmacology  Ph.D.  degrees  awarded 
in  the  United  States  are  granted  to  NIGMS  trainees. 
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Analysis  of  the  type  of  training  NIGMS  is  supporting  in  pharmacology  indicates 
that  greater  efforts  must  be  made  in  certain  areas  of  research  where  there 
is  1  shortage  of  adequately  trained  manpower.   These  include  pharmacogenetics, 
chemi  'rorlrug-induced  mutagenesis,  carcinogenesis,  and  teratogenesis ; 
i^opharmacology;  and  perinatal  or  developmental  P;---°i°f  ^^^Jf^J^^.f 
trainin-  in  these  areas  will  require  individuals  to  be  trained  broadly  in 
sevcral°biomediLl  disciplines  and  others  with  expert  knowledge  in  physico- 
chemical  areas  for  identification  and  quantification  of  drugs  m  man. 

The  number  of  NIGMS  awards  to  programs  in  toxicology  has  decreased  in  FY  1971 
to  9  arLmpared  to  13  grants  awarded  in  FY  1969  (see  Table  3  .   This  tab  e 
ho!s  the^were  48  trainees  in  toxicology  during  FY  ^^^^^  J^^f  g-P^.J-  ^ 
a  significant  decrease  from  FY  1969,  when  there  were  a  total  of  80  trainees 
in  toxicoIoS.   This  apparent  decrease  is  partly  offset  by  combining  separate 
suppor  profr;ms  in  pharmacology  and  toxicology  into  multiphasic  training  effort, 
at  several  universities  because  of  the  close  association  of  pharmacology  and 
toxicology.   A  significant  number  of  doctoral  dissertations  in  pharmacology 
have  been  concerned  with  research  closely  related  to  toxicology. 

The  shortage  of  manpower  in  clinical  £harm.acolo^  is  widely  recognised  and 
best  estimates  are  that  there  are  only  30  or  40  clinical  pharmacologists 
actively  engaged  in  this  area  of  research  in  the  nation.   Some  of  the  medical 
schools  are  responding  to  this  need,  and  support  for  developing  programs  in 
clinical  pharmacology  should  receive  special  consideration  in  the  future  with 
generally  increased  stipends.   In  the  past  year,  18  trainees  have  received 
support  In   the  five  active  clinical  pharmacology  programs  supported  by  this 
Institute?  An  estimated  20  individuals  will  be  supported  m  the  coming  year. 

The  medicinal  chernisjuy  training  program  is  designed  to  give  basic  scientists 
an  u^^II^t-^i^^-ot  drug  action,  and  metabolism,  and  to  enable  thm  to  gam  a 
thorough  background  in  the  design  and  development  of  more  effective  drugs. 
During  FY  19  72,  10  programs  in  medicinal  chemistry  will  support  about  80 
trainees.  T^ere   has  been  a  shift  in  this  training  area,  with  greater  emphasis 
noJbeing  placed  on  pharmaceutics  or  physical  pharmacy  and  the  ^^teraction  of 
drugs  iuhmacromolecules.   The  Institute  is  encouraging  this  shift  as  being 
a  more  rational  and  promising  path  to  the  design  of  new  and  better  drugs. 

Fellowships 

The  total  expenditure  for  fellowships  in  Pharmacology  and  Toxicology  and 
Medicinal  Chemistry  increased  207.  over  the  previous  year.  (Table  1).   The 
number  of  awards  increased  from  102  to  109  despite  a  phasing  °;^t  °f  ^he 
predoctoral  program  from  66  to  47  awards.   Thus  there  was  a  substantial 
increase  in  the  postdoctoral  and  career  development  programs  over  the  previous 
year. 
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Research  Highlights 

NEW  THERAPEUTIC  APPROACHES 

1.  Effect  of  L-dopa  on  human  heart 

The  usual  oral  dose  of  L-dopa  (1  to  2  grams  daily)  increases  the  strength 
of  the  heartbeat  for  a  period  of  about  two  hours  after  administration.   This 
effect  should  not  be  harmful  to  most  patients  with  Parkinson's  disease  but 
could  cause  arrhythmias  and  cardiac  dam.age  to  patients  with  severe  coronary 
heart  disease.   Further  studies  have  indicated  that  these  effects  could  be 
completely  blocked  by  another  drug,  propranolol,  without  affecting  the  anti- 
Parkinson  effect  of  L-dopa.   In  addition,  the  cardiac  effects  of  L-dopa 
V7ere  no  longer  detected  after  three  months  of  continuous  use.   Thus,  the 
potentially  harmful  effects  of  L-dopa  on  the  heart  could  either  be  eliminated 
by  use  of  propranolol  or  by  very  gradual  buildup  of  dosage  of  L-dopa  over  a 
long  period  of  time. 

2.  Selective  and  active  transport  of  drug  from  fetus  to  mother 
shown  for  first  time 

The  commonly  used  diuretic  drug,  triamterene,  is  actively  pumped  from  the 
circulation   of  the  fetus  into  the  maternal  circulation.   Since  triamterene 
is  the  first  drug  kno\m  to  be  selectively  removed  from  the  fetus,  this  finding 
has  important  clinical  implications  for  the  design  of  drugs  which  must  be  used 
for  the  mother  but  could  be  harmful  to  the  fetus.   More  recent  studies  have 
suggested  that  triamterne  is  also  actively  pumped  out  of  the  brain.   In  addi- 
tion, it  m.ay  be  feasible  to  design  drugs  which  can  be  excluded  from  the  brain 
with  a  resultant  decrease  in  unwanted  central  nervous  system  effects. 

3.  Paradoxical  hypotension  from  amphetamine  explained  for  the  first  time 

In  studies  investigating  why  tolerance  to  the  cardiovascular  effects  of 
amphetamine  develops  vjith  the  abuse  of  this  drug,  the  active  metabolite  of 
amphetamine  was  isolated  and  identified.   This  metabolite,  p-hydroxynorephed- 
rine,  depletes  the  neurotransmitter,  norepinephrine,  from  adrenergic  neurons 
in  animals  and  replaces  norepinephrine  as  the  transmitter  substance,  thereby 
acting  as  a  "false  transmitter."  This  interference  with  adrenergic  neuron 
function  might  be  expected  to  lower  blood  pressure.   It  was  found  that  p- 
hydroxynorephedrine  does  lower  the  blood  pressure  in  hypertensive  patients 
and  decreases  the  synthesis  of  norepinepfirine  v7ithout  producing  the  trouble- 
some effects  on  the  central  nervous  system  that  are  seen  when  the  precursor 
amino  acids  (e.  g.,  methyldopa)  of  false  transmitters  are  administered.  Studies 
are  under  V7ay  v;ith  related  false  transmitters  to  determine  which  offers  the 
most  potential  for  use  in  the  treatment  of  hypertension. 

4.  New  therapy  for  peptic  ulcer — through  study  of  prostaglandin 
formation  and  metabolism 

Prostaglandins  are  potent  acidic  lipids  that  have  a  number  of  effects  in  the 
body's  regulatory  system.   Some  of  these  have  potential  value  in  therapy. 
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such  as  the  inhibition  of  gastric  acid  secretion  as  a  possible  means  of 
treating  peptic  ulcer.   However,  the  multiple  other  effects  of  the  prosta- 
glandins, such  as  those  on  blood  pressure,  complicate  their  therapeutic 
application.   Prostaglandins  were  thought  to  act  m.ore  selectively  on  those 
organs  where  prostaglandins  normally  arc  synthesized  from  their  precursors. 
Accordingly,  the  pharmacologic  effects  of  two  precursors  of  the  prosta- 
glandins, arachidonic  acid  and  8,11,14-eicosatrienoic  acid,  on  gastric 
secretion  were  studied.   It  was  found  that  the  administration  of  0.6  mili- 
grams  per  kilogram  or  less  of  these  fatty  acids  to  dogs  would  markedly 
inhibit  the  stimulated  secretion  of  gastric  acid.   Arachidonic  acid  given 
orally  (as  the  ethyl  ester)  elicited  similar  results  on  gastric  acid  pro- 
duction in  man.   A  compound  which  would  reduce  the  secretion  of  acid  by  the 
stomach  could  be  useful  for  patients  with  peptic  ulcer  disease  or  those 
having  life-threatening  gastric  ulcers  following  head  trauma. 

5.  Tolerance  to  "weight  reducing"  drugs  explained 

The  metabolic  effects  of  appetite  suppressants  were  studied.   Both  d-amphetamine 
and  mazindol  produced  a  significant  increase  in  the  level  of  plasma  insulin. 
The  tolerance  to  the  weight  loss  effects  of  these  drugs  may  be  associated 
with  this  observation.   Studies  are  now  in  progress  to  determine  whether  or 
not  patients  who  receive  the  d-amphetamine,  plus  a  drug  to  inhibit  insulin 
secretion,  lose  weight  in  a  more  rapid  and  sustained  manner. 

6.  Metabolism  of  widely  used  diazepam  slow  in  children — new  technic 

to  measure  lov.'  levels  _ 

Diazepam  (Valium),  a  benzodiazapine  compound,  is  widely  used  as  a  tranquilizer, 
anti-depressant,  and  anti-epileptic  drug.   An  estimated  550,000,000  doses  are 
used. annually  in  the  United  States  alone.   Studies  of  the  mechanism  of  action 
and  metabolism  of  this  drug  have  made  it  possible  to  determine  the  optimum 
dose/usage  in  individual  patients.   A  new  technic  using  combined  gas-liquid 
chromatography  in  tandem  with  mass  spectrometry  was  developed  to  measure  very 
low  levels  of  this  drug  in  body  fluids  and  tissues — as  low  as  one-thousandth 
of  a  microgram.   Diazepam  is  converted  in  the  body  to  several  other  compounds, 
or  metabolites.   Three  of  these  metabolites  have  anti-convulsant  activity, 
and  their  accumulation  in  brain  tissue  is  correlated  with  the  duration  of 
action  of  the  parent  drug,  diazepam.   Blood  levels  of  the  drug  In  man  can 
vary  as  much  as  twentyfold  in  different  individuals  given  the  same  dose  per 
unit  of  body  weight;  this  may  account  for  the  variability  in  therapeutic 
effects  which  has  been  seen.   Furthermore,  one  metabolite  of  diazepam  (the 
N-dimethyl  compound),  accumulates  in  the  blood  in  such  a  way  that,  after 
fifty  days  of  treatment  with  diazepam,  this  metabolite  has  a  higher  blood 
level  than  diazepam  itself. 

Children  and  newborns  have  far  less  ability  to  metabolize  this  drug  than 
do  adults.   Indeed,  within  this  young  group  there  is  even  variability  when 
the  same  dose  is  used.   Therefore,  the  rational  use  of  this  drug  requires 
determination  of  plasma  concentration  to  achieve  the  desired  therapeutic 
effect  with  the  least  amount  of  untov/ard  and  undesired  activity. 


25 


Common  antacids  alter  absorption  of  potent  drugs 


Antacids  can  markedly  influence  the  rate  of  absorption,  and  thus  usefulness, 
of  a  variety  of  drugs.   Both  aluminum  hydroxide  and  magnesium  hydroxide 
decrease  the  rate  of  absorption  of  pentobarbital  to  the  point  that  a  hypnotic 
dose  of  the  latter  does  not  put  the  animal  to  sleep.   The  primary  mechanism 
for  each  antacid  is  different.   Magnesium  hydroxide  by  decreasing  the  acidity 
of  the  gastric  juice  changes  the  amount  of  pentobarbital  V7hich  exists  in  the 
lipid  soluble  (absorbable)  form.   Aluminum  hydroxide,  in  addition,  markedly 
inhibits  the  emptying  time  of  pentobarbital  from  the  stomach  into  the  intes- 
tine, the  major  site  of  absorption.   By  changing  the  acidity,  the  antacids 
may  also  accent  the  solubility  of  drugs,  such  as  sulfadiazine  and  quinine, 
in  the  gut,  influencing  their  absorption.   These  studies  which  are  now  being 
repeated  in  humans  will  clarify  the  clinical  significance  of  this  type  of 
drug  interaction. 

8.   Kinetics  of  drug  metabolism  altered  by  disease — lack  of  recognition 
may  lead  to  no-effect  or  toxicity 

The  pharmacokinetics  of  highly  protein-bound  drugs  are  being  studied  in 
patients  with  renal  failure.   It  has  been  demonstrated  that  uremic  patients 
must  receive  substantially  higher  doses  than  those  considered  in  the  usual 
dose  range  in  order  to  attain  reasonable  concentrations  of  diphenylhydantoin 
in  the  plasma.   Diphenylhydantoin  (Dilantin)  has  an  extremely  rapid  clearance 
rate  in  individuals  V7ith  azotemia  (uremia).   Tlie  basic  underlying  mechanism 
for  the  abnormality  appears  to  be  a  decrease  in  the  expected  binding  of  the 
drug  by  albumin.   The  mechanism  of  the  diminished  plasma  albumin  binding  in 
azotemia  is  being  defined. 

In  the  meantime,  other  protein-bound  drugs  which  are  used  in  patients  with 
severe  renal  disease  are  being  studied  to  determine  which  might  require  modi- 
fications of  usual  therapeutic  regimens  in  order  to  maximize  efficacy. 

MECHANISMS  OF  DRUG  METABOLISM 

1.  A  critical  step  in  the  transformation  of  drugs 

Using  electronic  and  magnetometric  technics,  it  is  possible  to  observe  and 
characterize  for  the  first  time  a  critical  step  in  the  transformation  of 
drugs;  a  complex  of  a  cellular  hemoprotein,  cytochrome  P450,  with  oxygen 
and  with  the  drug.   This  observation  now  opens  the  gates  to  a  great  variety 
of  experiments  to  establish  a  clearer  understanding  of  the  control  and 
variability  in  the  pharmacologic  action  of  many  drugs. 

2.  Findings  suggest  first  rational  treatment  for  incurable  type  of 
porphyria — regulation  of  P450 

It  is  now  possible  to  regulate  the  activity  of  an  important  governing 
mechanism  in  the  liver  involving  microsomal  cytochrome  PASO,  which  is 
concerned  v;ith  drug  disposition.   The  activity  of  microsomal  cytochrome 
P450  can  be  regulated  by  certain  compounds  x/nich  regulate  the  synthesis 
of  heme  in  the  liver.   This  provides  an  exciting  possibility  for  influencing 
the  metabolism  of  drugs. 
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It  v/as  noted  that  the  currently  incurable  disease,  acute  intermittent 
hepatic  porphyria,  is  a  disease  in  which  the  patient  begins  to  produce  too 
much  heme  in  the  liver  but,  in  fact,  ends  up  by  producing  an  oversupply  of 
intermediates  which  do  not  represent  the  final  intended  product,  heme. 
These  intermediates  are  themselves  very  poisonous  to  the  patient.   A  method 
was  developed  in  animals  that  turns  off  this  oversupply.   There  is  for  the 
first  time  a  possible  rational  treatment  of  this  disease. 

DEVELOPMENTAL  PHAPJ4AC0L0GY 

1.  Perinatal  drug  metabolism 

An  understanding  of  the  perinatal  development  of  drug-metabolizing  enzymes 
is  rapidly  emerging.   The  basic  elements  of  the  P450  system  are  present  by 
the  13-15th  week  in  the  human  embryo.   The  quantitatively  lower  level  of 
metabolism  in  the  newborn  infant  is  not  due  to  lack  of  development  of  the 
enzymes  but  apparently  to  an  as  yet  unidentified  inhibitor.   Data  from  male 
rats  suggests  that  such  an  inhibitor  may  be  growth  hormone.   However,  the 
level  of  drug-metabolizing  enzyme  activity  in  the  newborn  may  be  induced  by 
prior  treatment  of  the  m.other  with  such  com.monly  used  enzyme-inducing  drugs 
as  phenobarbital. 

2.  Placental  barrier  a  myth — maternal  estrogen  administration  causes 
abnormal  fetal  development 

Therapeutic  agents  given  to  mothers  before  birth  will  result  in  adult  levels 
of  drugs  in  the  fetus  and  newborn  infants.   It  was  believed  that  a  "placental 
barrier"  existed  which  protected  infants  from  drugs  or  other  agents  ingested 
by  the  mother.   Work  during  the  past  year  indicates  that  this  "barrier"  is 
largely  mythical.   Macromolecules  do  not  cross-circulate,  but  drugs  of  all 
kinds  reach  the  fetus  shortly  after  ingestion  and  absorption  by  the  mother. 

The  recent  development  of  analytical  methods  with  very  high  sensitivity  v;hich 
can  detect  drugs  in  minute  quantities  in  blood  and  urine  have  made  these 
findings  possible. 

3.   Steroidal  contraceptive  agents  associated  v;ith  abnormal  skeletal 
development 

The  metabolism  of  major  components  of  contraceptive  preparations,  including 
norethynodrel ,  norethindrone,  ethynodiol  diacetate,  and  chlormadinone,  was 
studied  and  the  information  thus  obtained  in  animal  studies  became  the  basis 
for  investigations  in  human  volunteers.   In  man,  norethynodrel  .and  ethynodiol 
diacetate  are  rapidly  metabolized  in  the  liver.   The  structure  of  the  metabo- 
lites was  determined  and  found  to  be  identical  V7ith  compounds  found  in  rats. 
Similar  studies  with  norethindrone  and  chlormadinone  are  under  way.   Several 
of  the  more  important  metabolites  were  synthesized  and  administered  to 
pregnant  mice.   It  was  found  that  the  progeny  had  skeletal  defects.   Moreover, 
the  steroidal  contraceptive  agents  and  their  metabolites  passed  through  the 
placenta  from  mother  to  offspring.   Therefore,  if  pregnancy  should  occur  in 

women  taking  steroid  contraceptives,  the  effect  on  the  infant,  in  the  crucial 

weeks  before  pregnancy  is  discovered,  may  be  catastrophic. 
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PHARI-IACOGENETICS 

1.   Profound  differences  in  response  to  drugs  due  to  inherited  traits 

Genetic  differences  in  people  and  the  analysis  of  genetic  factors  which 
account  for  unusual  drug  effects  and  drug  toxicity  are  being  investigated  in 
several  research  projects.   One  is  a  comprehensive  study  of  human  serum 
esterases,  because  it  is  knovm  that  some  people  have  inherited  an  abnor.nal 
type  of  serum  cholinesterase  which  causes  them  to  show  an  exaggerated  degree 
of  muscular  paralysis  and  require  artificial  respiration  for  several  hours 
when  they  are  given  the  usual  dose  of  the  muscle  relaxant  drug,  succinyl- 
choline.   Studies  are  in  progress  to  determine  the  structural  differences  in 
the  normal  and  abnormal  esterases  and  to  establish  what  other  drugs  may  be 
handled  differently  by  patients  with  abnormal  serum  esterases.   Although 
there  are  blood  tests  available  by  which  it  is  possible  to  type  individuals 
and  predict  v/hether  sensitivity  to  succinylcholine  would  occur,  there  is  a 
need  for  simpler  tests  v/hich  could  be  carried  out  routinely  before  surgery. 

Inherited  variations  in  the  ability  to  inactivate  the  widely  used  drug, 
isoniazid  (INH) ,  are  being  studied  in  another  research  project.   About  one- 
half  of  our  population  is  able  to  inactivate  this  drug  rapidly,  and  the  other 
half  does  this  slowly.   Slov;  inactivators  have  inherited  a  less  efficient 
enzyme  system  in  the  liver  to  inactivate  INH  (oy  acetylating  the  drug  to 
acctyl-INH);  that  is,  the  liver  contains  less  of  the  inactivating  enzyme 
than  does  the  liver  of  rapid  inactivators.   In  addition  to  investigations  of 
the  human  enzjTue,  studies  are  also  unden/ay  to  evaluate  the  importance  of 
this  genetic  difference  in  the  metabolism  of  other  drugs  V7hich  are  inactivated 
by  the  same  enzyme  system  and  to  see  if  other  types  of  drug  toxicity  are 
related  to  the  same  trait. 

Other  projects  involve  (1)  interaction  of  drugs  with  hemoglobin  and  genetic 
variant  forms  of  hemoglobin,  such  as  sickle  cell  hemoglobin,  (to  determine 
whether  certain  drugs  produce  unusual  effects  in  patients  with  specific 
hemoglobin  diseases  or  if  drugs  can  prevent  the  manifestation  of  sickle 
cell  disease);  (2)  a  nev;,  simple  method  to  measure  the  degree  of  binding 
of  drugs  to  serum  albumin  (to  see  if  inherited  variations  in  the  amount  or 
structure  of  serum  albumin  will  modify  the  drug-binding  properties  and 
alter  drug  effects  in  this  way) ;  and  (3)  comparison  of  the  metabolism  of 
drugs  in  various  animal  species  with  drug  metabolism  in  human  liver. 

2.   New  mammalian  mutagenicity  test  developed 

Mutagenicity  tests  in  current  use  are  subject  to  a  number  of  criticisms. 
For  example,  some  employ  non-mammalian  material,  such  as  bacteria,  or  they 
measure  gross  phenomena,  such  as  chromosomal  breakage,  and  vjould  miss  the 
potentially  more  hazardous  "point"  mutations.   Also,  in  procedures  currently 
in  use,  chemicals  which  are  converted  to  mutagens  by  the  drug-metabolizing 
enzymes  of  the  body  would  not  be  detected.   A  new  procedure  that  employs  a 
stable  diploid  cell  line  derived  from  mouse  tissues  that  can  be  grovm  both' 
in  culture  and  in  the  peritoneal  cavity  of  mice  has  been  developed.   At 
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present,  six  distinctly  different  biochemical  mutations  are  being  studied 
vjhicli  can  readily  be  detected  in  the  culture  system.   Spontaneous  mutation 
rates  and  alteration  of  these  rates  by  chemical  mutagens  are  readily  deter- 
mined.  An  in  vivo  test  system  is  also  at  an  advanced  stage  of  development. 
In  this  case,  cells  are  injected  into  the  peritoneal  cavity  of  mice.   The 
test  drug  is  administered  orally  or  subcutaneously  and  after  a  suitable 
time  period  the  cells  may  be  removed  from  the  peritoneal  cavity  and  the 
mutation  rates  determined  in  the  cell  culture  system. 

NK\7  APPROACH  TO  TREATllENT  OF  MERCURY  POISONING 

The  discovery  that  methyl  mercury  is  accumulating  in  our  environment  and  in 
organisms  has  emphasized  the  need  for  coming  to  grips  v^7ith  this  problem 
scientifically  and  trying  to  prevent  or  treat  it  if  it  occurs.   The  fact 
that  methyl— mercury-containing  compounds  are  almost  completely  absorbed 
from  food  and  that  methyl  mercury  seems  to  be  excreted  by  the  liver,  via 
the  bile,  into  the  gut  suggests  that  attention  to  the  gastrointestinal 
tract  may  be  extremely  important.   It  has  been  suggested  that  exchange  resins 
might  be  taken  by  mouth  to  trap  the  mercury  and  increase  excretion  of  this 
toxic  material  in  the  feces.   A  new  resin,  specially  synthesized  by  the 
Dow  Chemical  Company,  is  an  effective  trapping  agent.   Mice  given  injections 
of  methyl  mercury  and  fed  resin  in  their  diets  excreted  mercury  three  times 
more  rapidly  than  did  control  animals.   If  this  works  in  man,  we  may  have  an 
important  approach  to  the  problem  of  methyl  mercury  poisoning. 

INSTRUMENTATION  AND  NEW  METHODOLOGY 

]. .   Synthesis  and  analysis  of  non-radioactive  labeled  drugs  holds  promise 
of  benefit  in  disease/drug  studies  in  children  and  pregnant  women 

The  use  of  drugs  labeled  with  carbon  14  or  tritium  as  a  tracer  has  been  of 
great  assistance  in  conducting  metabolic  studies  of  disease  involving  all 
types  of  drugs.   However,  the  use  of  such  compounds  in  man  involves  some 
hazards  due  to  their  radioactivity  and  is  barred  for  use  in  children, 
adolescents,  and  pregnant  women.   Studies  have  been  initiated  employing 
carbon-13-labeled  drugs.   These  can  be  used  with  no  danger  in  man  as  they 
are  non-radioactive  isotopes.   In  particular,  analytical  methodology  and 
special  technics  of  drug  synthesis  using  carbon  13  are  under  active  study. 
This  isotope  is  now  more  readily  available  at  reasonable  cost.   A  conference 
on  its  use  in  clinical  pharmacology  is  being  planned. 

2.   New  high-pressure  liquid  chromatography  shows  marked  advantages 
as  an  analytical  and  preparative  tool  in  drug  metabolism  and 
clinical  pharmacology  studies 

High-pressure  liquid  chroraatography  has  been  in  developinent  and,  during  the 
past  year,  has  become  finally  established  as  an  instrumental  technic  of 
considerable  potential  value  in  drug  metabolism  and  clinical  pharr.acology 
studies.   The  system  is  a  liquid  chromatographic  method  operating  at 
pressures  up  to  5000  pounds  per  square  inch. 
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High-pressure  chromatography  may  be  superior  to  gas  chromatography  in  the 
following  ways. 

a.   If  one  is  working  with  heat  labile  materials  that  are 
i      destroyed  by  gas  chromatography  or  require  derivatizations 
which  may  introduce  complications.   For 'example,  [cf]-d- 
propoxyphene  (Darvon)  undergoes  therm.al  decomposition  under 
gas  chromatography;  using  high-pressure  liquid  chromatography, 
it  does  not.   Steroids  must  be  converted  to  trimethylsilyl 
ethers.   In  some  cases,  depending  on  the  structure  of  the 
compound,  mixtures  of  mono-,  di-,  or  trisilyl  ethers  are 
produced  which  complicate  the  gas  chromat'ograph  pattern. 

.b .   Another  im.portant  use  of  high-pressure  liquid  chromatography 
is  its  potential  for  isolating  drug  m.etabolites  on  a  semi- 
preparative  scale.   If  one  could  chromatograph  and  conveniently 
collect  as  little  as  250-500  m.g  of  pure  drug  or  its  metabolite, 
it  v7ould  be  very  simple  to  carry  out  both  NI^IR  and  high-resolu- 
tion mass  spectral  analyses.   In  many  cases,  this  is  extremely 
difficult  to  do  by  gas  chromatograph  procedures  but  should  be 
greatly  facilitated  by  high-pressure  liquid  chromatography. 

3.   New  gas  chromatography  system 

A  new  instrument  has  been  designed  vzhich  can  be  used  in  clinical  chem.istry 
to  give  more  information  about  disease  states  than  has  been  previously 
available. 

This  gas  chromatographic  instrument  differs  from  earlier  instruments  in 
that  it  contains  two  columns  rather  than  one,  each  with  a  separate  function. 
The  first  column  is  used  to  remove  solvents,  reagents,  and  unwanted  mate- 
rials; the  analytical  sample  is  transferred  by  a  baclcflush  technic  to  the 
analytical  column.   When  this  instrument  is  used,  it  is  possible  to  employ 
more  dilute  solutions  for  a  sample  injection  than  is  now  possible  and  the 
time  of  injection  can  be  lengthened.   Automatic  addition  of  samples  can  be 
employed  to  provide  continuous  operation  amd  more  precise  identification 
more  rapidly. 

4..  Instrumentation  and  new  methodology 

The  usual  chest  x-ray  shows  the  general  outline  of  the  heart  (including  the 
blood),  but  it  is  impossible  to  see  the  heart  muscle  itself  as  an  isolated 
image;  to  do  so  would  be  of  particular  value,  especially  in  myocardial 
infarction.   A  radioactive  technic  using  Cesium-131  has  been  developed  that 
permits  demonstration  of  intact  heart  muscle  in  patients.   This  new  technic 
also  makes  it  possible  to  study  patients  who  have  undergone  heart  transplant 
and  to  demonstrate  the  presence  or  absence  of  rejection  in  such  transplants. 
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Research 
Grants 


Research 
Training 
Grants 


Associates 


Research 
Contracts 


PHARIIACOLOGY-TOXICOLOGY  PROGRAM 
Awarded  in  Fiscal  19  71 


Centers 

Program  Projects 

Regular  Projects 

Total 


Number 

10 
12 

47 


69 


Total  Costs 
(in  thousands) 

$4,656 
2,747 
1,493 


$8,896 


Pharmacology 

42 

* 

3 

,321 

Clinical  Pharmacology 

5 

315 

Toxicology 

9 

355 

Medicinal  Chemistry 

10 

526 

Total 


66 


Total 


GRAND  TOTAL 


$4,517 


Percent 


51.95 


26.38 


Fellowships 

Predoctoral 

Postdoctoral 

Special 

47 

21 

10 

$ 

234 
154 
122 

Career  Develc 

)pment 

28 

589 

Career 

Total 

3 

109 

89 

$1,188 

6.94 

Research 

Total 

15 

$   270 

1.57 

$2,253     13.16 


$17,124    100.00 


*  Represents  all  active  training  programs.   There  were  40  awards  paid. 
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ENGINEERING  IN  BIOLOGY  AND  MEDICINE 

The  past  year  has  been  an  eventful  one  for  biomedical  engineering  in 
general.   Of  significance  have  been  the  appearance  of  textbooks  specif- 
ically arranged  for  the  field,  the  emergence  of  a  variety  of  ncv;  instru- 
ments and  devices  for  biomedical  research  and  health  care,  increasing 
pressures  for  attention  to  the  matter  of  standards  and  safety  for  medical 
devices  and  the  expanded  activities  of  a  new  Biomedical  Engineering 
Society. 

The  Institute,  through  a  variety  of  mechanisms,  has  continued  to  provide 
broad  support  for  the  advance  of  the  field.   Its  objective  is  to  support 
the  effective  introduction  of  engineering  into  fundamental  and  applied 
biomedical  research  and  quality  research  training  in  the  area.   In  a  few 
selected  instances,  usually  arising  from  the  pool  of  fundamental  research 
supported  by  the  Institute,  prototype  instrumentation  and  devices  are 
being  developed  that  V7ill  be  useful  in  the  improvement  of  health  care. 

During  the  past  year,  there  has  been  a  sense  of  accomplishment  as  regards 
the  research  and  development  aspects  of  the  Institute's  prograr.i.   Enthusiasm 
has  been  generated  by  progress  towards  goals  set  last  year  for  fundamental 
research  on  the  regulation  and  control  of  biological  systems  and  for  the 
extension  of  our  automated  clinical  laboratory  program.   Of  special  interest 
in  the  latter  area  has  been  the  extent  to  which  a  close  relationship  and  a 
sense  of  continuity  between  research  and  development  are  necessary  for  success 
in  the  transfer  of  fundamental  and  applied  biomedical  research  to  useful 
applications  in  clinical  medicine. 

Against  a  background  of  basic  and  applied  biom.edical  engineering  research, 
several  of  the  program's  efforts  are  on  the  brink  of  responsiveness  to 
patients'  needs.   The  accom.plishment  of  these  missions  will  likely  aid  in 
narrov/ing  the  interval,  between  the  acquisition  and  the  application  of  bio- 
medical knovzledge  in  a  rational  vray ,  aid  in  the  prevention,  diagnosis  and 
treatment  of  disease,  and  contribute  to  improvements  in  hospital  care  and 
com.munity  health. 

In  response  to  requests  for  information  as  to  the  program's  scope,  content, 
progress  and  outlook,  a  report,  "Perspectives  on  Engineering  in  Biology 
and  Medicine,"  v;as  produced  in  February  1971. 

Current  support  for  the  Engineering  in  Biology  and  Medicine  Program  is  as 
follov7s:   research,  $10.9  million;  training,  $4.3  million;  f  ellov;3hips , 
$1.5  million;  and  developnient ,  $1.2  million.   This  $17.9  million  investment 
represents  appro:-::  nately  11%  of  NIGMS'  overall  research,  train.ing  and  devel- 
opment effort . 

Research 

Because  engineering  is  really  tv.'o  fields — analysis  of  complex  mechanisms, 

and  building,  using  scientific  principles — it  is  not  surprising  that  the 

Institute's  program,  has  evolved  along  two  lines.   One  is  concerned  v/ith  the 

analysis  of  complex  biological  systems  by  the  application  of  engineering 
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science  nnd  the  other  v.'ith  the  building  of  devices  for  biomedicine,  espec- 
ially instrumentation  for  biomedical  research  and  health  care.   In  the  ana]ytic 
sense,  particular  accent  is  being  given  to  the  broad  application  of  mathematics, 
the  physical  sciences  and  engineering  to  basic  and  applied  biomedical  research. 
Here  the  analytical  abilities  of  the  engineer  are  being  combined  with  the 
knov;ledge  and  understanding  of  biomedical  systems  possessed  by  the  life 
scientist,  in  the  interest  of  focusing  on  the  solution  of  fundamental  problems 
associated  v;ith  living  systems  and  disease  processes. 

As  the  program  has  grown,  its  needs  and  direction  have  crystal]  i^.ed  and  led 
to  the  establishment  of  several  subprograms.   These  are  indicated  belov;  V7ith 
their  current  levels  of  support . 

Subprograms 

Mathematical  Methods  $  1,206,000 

Physiological  Control  1,137,000 

Artificial  Organs  93,000 

Instrumentation  888,000 

Computers  1,151,000 

Patient  Monitoring  157,000 

BixDmaterials  124,000 

Biomedical  Engineering  (other)  1,457 ,000 


$  6,213,000 


Basic  Studies 


Significant  progress  is  being  made  in  several  of  the  basic  research  projects 
being  supported  by  the  Institute.   To  indicate  their  character  and  flavor, 
the  following  efforts  are  noted. 

1.   Sensory  Communications  Phenomena 

Scientists  at  the  Massachusetts  Institute  of  Technology  are  carrying 
out  a  variety  of  studies  using  communication  engineering  approaches  in  basic 
physiological  studies.   The  group  has  as  its  objective  a  better  understanding 
of  sensory  communication.   Experiments  have  recently  been  carried  out  on 
spontaneous  activity  in  auditory  nerve  fibers.   The  sensation  of  hearing — 
in  accordance  v;i th  generally  accepted  theory — results  from  activity  generated 
in  the  auditory  nerve  by  sounds  received  by  the  car.   Measurements  at  many 
laboratories  in  individual  nerve  fibers  of  the  cat  and  other  animals  have 
shown,  hov/evcr,  that  there  is  significant  activity  in  the  auditory  nerve  V7hen 
no  overt  sound  stimuli  are  being  received  and  even  when  the  anesthetized 
animal  is  in  a  sound  proof  room.   The  possibility  has  remained  that  these 
"spontaneous"  signals  were  a  response  to  stimuli  from  blood  flow,  breathing, 
etc.   Recent  experiments,  hov;ever,  have  demonstrated  that  these  signals  are 
not  produced  by  such  stimuli,  but  rather  arise  in  some  nonacoustic  inner  car 
process.   The  significance  of  these  spontaneous  signals  is  being  investigated. 
Studies  such  as  these,  leading  to  a  better  understanding  of  auditory  processes, 
may  very  likely  be  eventually  applied  to  hearing  problems. 
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2.   Sonic  Wave  Iinaging 

Research  on  the  application  of  ultrasound  to  the  visualization  of  body 
organs  and  tissues  not  normally  visible  by  conventional  X-rays  may  add  new 
dimensions  to  the  diagnosis  of  disease.   Although  use  of  ultrasonic  waves 
to  probe  the  interior  of  solids  is  hardly  new,  the  difficulties  involved 
in  imaging  sonic  waves — making  acoustic  lenses  and  forming  visible  analogs 
of  the  sound  pattern — have  meant  that  until  recently  most  acoustic  images 
have  been  very  crude.   A  crucial  step  in  producing  useful  images  has  been 
the  application  of  holography  to  acoustic  systems.   One  such  acoustical 
system  is  being  developed  at  the  University  of  California,  Santa  Barbara. 
Although  not  strictly  holographic,  the  system  works  on  principles  like  that 
of  the  so-called  thick  hologram,  in  that  acoustic  phase  information  needed 
to  make  3-D  images  is  preserved.   The  process  has  been  refined  to  the  stage 
where  the  skeleton  and  soft  tissues  of  a  fish,  swimming  in  a  tank,  can  be 
seen  by  means  of  an  ultrasonic  system  linked  to  a  television  camera.   Although 
these  holographic  studies  are  still  quite  primitive,  it  is  hoped  to  bring 
the  technique  closer  to  application  in  diagnostic  medicine. 

Applied  Studies 

During  the  past  year  emphasis  has  also  been  given  to  applied  research  efforts. 
Typical  of  these  have  been  the  following: 

1.  Measurement  of  Oxygen  Saturation 

The  continuous  monitoring  of  central  venous  oxygen  saturation  is  clinically 
significant  as  an  indicator  of  both  heart  and  respiratory  function.   Researchers 
at  the  University  of  Washington  have  been  engaged  in  the  development  of 
advanced  instrumentation  for  the  measurement  of  oxygen  saturation  iii  vivo. 
Their  objectives  are  to  develop  an  instrument  that  uses  the  latest  in  solid- 
state  technology  including  light-emitting  diodes;  to  calibrate  the  instrument 
both  In  vitro  and  in  vivo;  and  to  test  it  in  as  broad  a  clinical  setting  as 
feasible.   The  focus  of  the  project  is  on  instrument  development  for  clinical 
use  and  it  will  require  considerable  effort  in  design  and  redesign  in  parallel 
with  the  clinical  testing.   To  date  it  has  been  used  in  the  right  atrium  to 
help  monitor  impending  cardiogenic  shock  and  to  help  monitor  the  effects  of 
drugs  that  inhibit  atrial  fibrillation. 

2.  Assessment  of  Heart  Function 

A  potentiall}'-  useful  method  for  the  continuous  monitoring  of  cardiac  output 
that  requires  essentially  no  disturbance  of  the  patient  is  currently  being 
tested  at  the  University  of  Southern  California.   It  represents  a  combination 
of  theoretical  biology,  modern  automatic  control  theory,  and  modern  computer 
science  and  technology.   The  method  requires  that  the  patient  breathe  through 
a  flovmeter  and  a  gas  analyzer,  a  procedure  which  is  only  minimally  disturbing. 
The  flowmeter  continuously  measures  the  patient's  respiratory  rate,  and  this, 
converted  into  an  appropriate  electrical  signal,  is  used  to  drive  a  computer 
on  which  a  basic  mathematical  model  of  respiratory  control  has  been  programmed. 
The  output  of  the  computer  is  an  electrical  signal  that  represents  the  theoret- 
ical value  of  the  C0„  concentration  in  expired  air.   This  theoretical  value 
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is  continuously  compared  with  another  electrical  signal  derived  from  the  gas 
analyzer  which  measures  the  patient's  actual  expired  air  CO  concentration. 
The  computer  then  continuously  adjusts  the  value  of  the  "cardiac  output"  of 
the  mathematical  model  to  minimize  the  difference  between  the  theoretical  and 
actual  expired  air  CO  values.   In  so  doing,  it  provides  an  estimate  of  the 
patient's  cardiac  output. 

Areas  for  Special  Attention 

With  respect  to  future  research,  several  areas  will  be  receiving  special 
attention: 

1.  Conmiunication   and   Control 

Modern  physiology  without  its  biochemical  and  biophysical  content  is  becoming, 
in  part,  a  matter  of  the  application  of  engineering  systems  science  for  the 
modeling  and  understanding  of  physiological  control  mechanisms — both  at  the 
supra  and  subcellular  levels.   At  the  same  time,  v;e  are  also  seeing  interfaces 
being  established  between  engineering  concepts  of  communication  and  control, 
and  biophysics  and  biochemistry.   Though  biophysics  and  biochemistry  are 
directed,  by  and  large,  towards  the  analysis  of  elements  of  physiological 
systems,  much  research  in  these  fields  themselves  will,  in  time,  make  use  of 
systems  analysis  to  place  their  findings  in  proper  perspective.   I'his  then  is 
an  important  theoretical  scientific  interface  and  we  expect  that  full  attention 
will  be  given  to  it  over  the  next  several  years. 

2.  Data  Processing 

Future  research  in  the  area  of  biomedical  instrumentation  will  involve  the 
application  of  more  sophisticated  methods  of  signal  processing,  display, 
and  storage  that  take  advantage  of  digital  techniques.   In  fact,  incorporation 
of  the  digital  computer  for  high-speed,  on-line  acquisition,  decision,  and 
even  control  is  coming  to  represent  an  ultimate  in  instrumentation  which  is 
nox'j   within  reach  of  some  experim.enters .   As  studies  in  biomsdicine  will  relate 
bodily  manifestations  more  and  more  to  intra-  and  inter-cellular  processes, 
emphasis  will  also  be  placed  on  research  on  the  analytical  ultracentrifuge, 
electron  microscopy  and  optical  scattering  instruments.   It  is  probable  that 
interpretation  of  data  from  research  with  these  instruments  will  necessitate 
an  increase  in  the  use  of  digital  computation. 

3.  Instrumentation 

During  the  past  five  years,  integrated  electronics  has  had  a  revolutionary 
impact  on  the  electronics  industry.   However,  the  potential  of  this  tech- 
nology for  biomedical  research  and  health  care  has  not  been  exploited. 
Accordingly,  a  major  objective  will  be  to  bring  the  talents  of  integrated 
electronics  engineers  and  biomedical  personnel  together  in  an  intensive 
effort  in  three  general  areas:   large-scale  integration,  transducers,  and 
telemetry  systems.   Research  in  these  areas  will  be  supported,  looking 
primarily  towards  innovative  solutions  of  discrete  problems. 
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4.  Monitoring  Systems 

The  application  of  engineering  theory  and  practice  to  research  on  problems 
associated  with  the  diagnosis  and  management  of  the  critically  ill  patient 
is  of  prime  importance.   Projects  will  be  supported  that  are  devoted  to 
transducer  development,  hybrid  preprocessing  units,  and  reliable  systems  for 
data  acquisition,  diagnosis  and  display. 


Most  of  the  doctoral  biomedical  engineering  programs  supported  by  the 
Institute  have  as  their  goal  a  Ph.D.  who  will  be  able  to  serve  as  an 
independent  scientist  in  academia.   He  must  have  enough  of  a  life  science 
background  to  be  able  to  specify,  define,  and  intuit  in  biomedical  problem 
areas  and  at  the  same  time  have  enough  of  an  engineering  background  to  be 
able  to  appreciate  and  apply  new  developments  in  engineering  science.   In 
short,  he  must  be  an  independent  scientist  with  an  excellent  background  in 
depth  in  some  complementary  aspects  of  two  different  fields.   Needless  to 
say,  difficulties  in  the  arrangement  of  such  programs  can  be  great. 

From  time  to  time  there  has  been  controversy  as  to  the  need  for  this 
hybrid-trained  biomedical  engineer.   What  is  beginning  to  emerge  from 
the  Institute's  training  programs  is  that  true  hybrid  training  will  be 
desirable  in  some  instances  but  not  necessarily  across-the-board.   Probablj', 
from  the  point  of  view  of  professional  recognition,  the  greatest  need  for 
the  hybrid  biomedical  engineer  will  be  in  the  area  of  fundamental  research 
where  the  crucial  value  judgments  are  mainly  biological.   At  the  present 
time,  the  pipeline  is  beginning  to  be  filled  with  good  people  of  this  sort. 
In  the  areas  of  development  and  the  delivery  of  health  services,  where  team 
efforts  can  be  extremely  effective,  the  need  for  a  true  hybrid  v/ould  appear 
to  be  less.   Precisely  x^/hat  the  character  of  the  training  should  be  in  each 
instance,  however,  is  still  not  clearly  definable. 

The  impression  at  the  moment  is  that  many  of  the  current].y  funded  programs 
are  now  operating  near  or  at  their  maximum  capacity  V7ith  the  funds  available 
to  them.   However,  it  may  vjell  be  possible  to  expand  some  a  bit  and  it  is 
conceivable  that,  here  and  there,  they  could  profitably  add  specialty  areas, 
such  as  bioraateria],s ,  in  a  more  formalized  manner. 

In  general,  it  would  appear, that  increases  in  the  funding  of  the  training 
program  v:ould  come  from  awards  to  new  programs.   To  date,  there  has  been 
some  leveling  off  in  formal  applications  for  new  programs,  indicating  that 
rapid  expansion  is  neither  likely  nor  compatible  with  the  maintenance  of 
quality.   Institutions  contemplating  nev.'  programs  are  developing  curricula, 
coordinating  multidisciplinary  research,  and  securing  faculty  personnel 
trained  in  biomcdica].  engineering,  all  of  which  require  a  firm  commitment 
on  the  part  of  a  program  director  and  the  university.   Additionally,  successfu 
training  programs  will  exist  and  flourish  only  in  the  presence  of  a  strong 
biomedical  engineering  research  base  and  this,  along  with  core  faculty, will 
be  lacking  in  some  cases  so  that,  all  in  all,  ncv;  programs  of  quality  are 
likely  to  emerge  rather  gradually.   The  Institute,  for  its  part  in  the  total 
picture,  intends  to  continue  to  support  the  development  of  training  programs 
and  fellovjships  in  biomedical  engineering  and  will  continue  to  encourage 
tlie  field  to  the  best  of  its  ability. 
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A  concern  foi"  the  future  that  will  be  reflected  in  curriculum  planning  is 
whether  engineers  will  lack  the  recognition,  status  and  career  opportunities 
that  are  desirable  if  they  are  to  be  effective  collaborators  with  medical 
professionals.   The  overall  feeling  that  is  emerging  is  that  if  the  engineers 
participating  in  biomedicine  really  have  the  capabilities  and  something 
important  to  contribute  they  will  be  quite  welcome.   It  would  appear,  however 
that  their  chances  for  success  will  bear  a  strong  relationship  to  the 
depth  and  breadth  of  background  they  accrue  in  biomedicine  and,  accord- 
ingly, their  ability  to  make  the  important  bio-value  judgments  necessary 
in  the  biomedical  field.   In  the  next  fev,'  years,  considerable  attention 
to  curriculum  planning  should  be  given  with  this  in  mind. 

Over  the  past  seven  years  NIGMS  has  developed  its  doctoral  program  in 
biomedical  engineering  de] ibcrately  and  with  an  eye  towards  quality. 
Gradually,  some  19  doctoral  programs  have  been  assembled  that  are  now 
supported  at  a  cost  of  approximately  $2.0  million  per  year. 

During  the  past  seven  years  some  95  Ph.D.'s  have  been  av;arded  including 
five  to  persons  having  the  M.D.  degree.   Of  these,  62  (657o)  are  in 
academic  positions  including  the  five  M.D/Ph.D.'s;  22  (237=,)  are  employed 
by  industry;  6  (67o)  are  in  Federal  service;  ^    (A%)  are  on  hospital  staffs; 
and  one  is  employed  by  a  research  institute.   Total  enrollment  has  been 
A45  predoctorals ,  30  postdoctorals ,  and  3  special  trainees.   In  addition, 
58  terminal  M.S.  degrees  were  granted  and  five  of  the  recipients  trans- 
ferred to  medical  schools.   Presently  there  are  approximately  265  trainees 
in  the  program  and  if  funding  V7ere  held  level,  the  estimated  output  of 
doctorates  would  be  40  to  50  per  year. 

In  addition  to  these  formal  doctorate  training  programs  there  is  a  fellow- 
ships program  in  which  the  biomedical  engineering  trainees  have  been 
supported  at  predoctoral,  postdoctoral,  special  and  career  development 
levels.   Currently,  approximately  133  trainees  in  the  fellowships  program 
are  supported  at  a  level  of  $1,509,000  per  year.  Within  this  program 
emphasis  has  been  given  to  the  Special  Fellowship  mechanism  for  the 
support  of  mature,  professionally  established  men  in  the  life  and  physical 
sciences  and  in  engineering  who  desire  interdisciplinary  research  training 
experience  in  biomedical  engineering. 

From  time  to  time  the  Institute  receives  inquiries  as  to  educational  oppor- 
tunities available  in  biomedical  engineering  in  various  sections  of  the 
country.   In  response  to  this,  a  listing  of  institutions  that  have  interests 
in  biomedical  engineering  education  has  been  compiled.   This  listing  includes 
the  names  and  addresses  of  individuals  to  whom  inquiries  can  be  directed 
at  the  respective  institutions. 

Automat  ion  of  Clini cal  Labora tories 

A  general  overview  has  estimated  the  workload  of  the  clinical  laboratories 
in  the  United  States  at  approximately  one-half  billion  tests  in  1970  and 
has  indicated  that  this  number  may  double  within  five  years  or  less.   Thus, 
by  1975,  the  nation's  clinical  laboratories  will  be  faced  v/ith  the  parfor- 
mance  of  some  billion  tests  per  year,  and  a  likely  insistence  thiit  quality 


39 


be  markedly  increased  and  that  costs  per  test  be  decreased.   It  is  clear 
that  the  only  solution  to  chis  critical  probleui  is  to  find  ways  to  mech- 
anize and  automate  the  clinical  laboratory.   The  so]iition  is  not  an  easy 
one ' as  it  involves  an  extremely  complicated  mixture  of  activities  in 
clinical  chemistry,  hematology,  microbiology,  mycology,  parasitology, 
serology,  and  urinalysis. 

Over  the  past  three  years  it  has  become  clear  that  a  variety  of  bottlenecks 
and  unsatisfactory  techniques  in  instrumentation  and  data  processing  are 
seriously  retarding  the  realization  of  completely  automated  systems  in  all 
areas  of  clinical  laboratory  practice.   To  help  resolve  this  situation  the 
Institute  has  undertaken  a  concerted  program  of  research  and  development 
in  this  area. 

The  m.ajor  areas  being  concentrated  on  at  this  time  are:   clinical  chemistry, 
hematology,  microbiology,  and  urine  analysis.   It  v/ould  appear  that  by 
making  progressive  improvements  in  both  the  hardv.'arc  and  software  nov7 
available,  it  should  be  possible  in  the  next  fcv7  years  to  increase  by 
15  to  20  percent  the  effective  automation  of  clinical  chemistry  and 
hematology.   The  overall  goal  is  to  develop  a  modular  automated  clinical 
laboratory'  system  that  can  be  adapted  to  benefit  all  sizes  of  hospitals 
from  the  small  coramunity  hospital  to  the  large  university  hospital  complex. 
This  program  is  considered  to  have  singular  importance  as  it  has  a  high 
priority  in  the  order  of  developmental  work  that  must  be  undertaken  to 
assure  the  country  of  a  more  adequate  system  for  the  delivery  of  health 
services . 

During  Fiscal  Year  1971  this  program  supported  56  grants,  at  a  cost  of 
$3,912,963.   The  distribution  of  grant  monies  for  various  activities  within 
the  pi'ogram  is  as  follov;s: 

Automation  in  the  Clinical  Laboratory  Sciences 

No.  of  Grants    Dollars  in  Thousands 

Analytical  Chemicals         12  $  509 

Methods  &  Instruments        29  1,996 

Automation                   7  227 

Computers                   _8  1,181 

36  $3,913 

In  addition  to  grant  support,  approximately  $1,200,000  in  contracts  v;as 
awarded.   This  contract  support  is  directed  towards  some  of  the  more 
critical  resolvable  problems  in  the  clinical  laboratory.   These  include 
accurate,  direct  methods  for  the  determination  of  chemicals  in  blood, 
easier,  more  rapid  and  more  accurate  methods  for  the  assay  of  enzymes  and 
hormones,  positive  specimen  identification,  and  autoinatic  accessioning  of 
biological  samples  as  they  appear  in  the  laboratory  receiving  office. 
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A  nev;  Institute  supported  computerized  system  that  rapidly  processes  and 
evaluates  laboratory  diagnostic  data  has  been  installed  recently  in  12 
North  American  hospitals,  v.'ith  another  12  scheduled  to  get  the  system  in 
the 'next  few  months. 

The  system  is  designed  to  improve  patient  care  by  making  available  to  the 
physician  cumulative  daily  summaries  of  a21  ]aboratory  v;ork  done  on  each 
of  his  patients.   This  allov;s  the  physician  to  survey  al]  of  the  patient's 
laboratory  tests  at  a  glance  and  to  follov;  the  patient's  progress  as 
reflected  by  the  laboratory  data. 

In  addition,  test  data  accumulating  between  daily  distribution  of  cumulative 
summaries  are  instantly  available  from  the  central  computer,  which  stores 
all  requests  made  during  the  day  together  with  results  or  a  notation  that 
tests  are  still  in  progress.   Frequent  ward  reports  place  clinical  labor- 
atory results  at  the  finger  tips  of  attending  physicians  at  a  time  v;hen 
they  actualD.y  examine  their  patients. 

The  system  is  built  around  a  small  computer  v;ith  a  specially  modified  disk 
device  that  enlarges  and  speeds  data  storage  beyond  the  core  capacity  of 
the  computer.   At  numerous  entry  points,  the  system  reads  instruments 
automatically.   At  others,  the  interface  is  through  specially  designed 
laboratory  data  consoles  that  instantaneously  indicate  acceptance  of  data 
by  the  computer. 

Data  are  rejected  because  of  erroneous  identification  of  specimens  or  tests. 
The  computer  can  be  programmed  to  reject  results  that  are  so  unusual  that 
they  should  be  rechecked  before  reporting  them  to  the  physician.   The 
system  is  adaptable  to  hospitals  of  all  sizes. 

The  system  has  been  operating  at  hospital  laboratories  at  the  NIH  Clinical 
Center;  University  of  California,  San  Francisco;  Presbyterian-St .  Luke's 
Hospital,  Chicago;  U.  S.  Public  Health  Service  Hospital,  Baltimore; 
St.  Vincent's  Hospital,  Portland,  Oregon;  Meyer  Memorial  Hospital,  Buffaio, 
New  York;  Meriden  (Connecticut)  Hospital;  Medical  University  of  South 
Carolina;  Harrisburg  (Pennsylvania)  Hospital;  Abbott  Hospital,  St.  Paul; 
and  the  University  of  Alberta  Medical  Center,  located  in  Edmonton. 

The  third  annual  symposium  on  "High-F.esolution  Analyses  and  Advanced 
Analytical  Concepts  for  the  Clinical  Laboratory"  v;as  held  at  the  Oak  Ridge 
National  Laboratory  on  March  11  and  12,  1971,  under  the  joint  sponsorship 
of  the  Oak  Ridge  National  Laboratory  and  the  Institute.   This  symposium 
series  has  been  inaugurated  as  a  forum  for  discussing  recent  developments 
in  the  field  and  as  a  means  of  establishing  contact  between  workers  in 
different  aspects  of  this  area  of  research. 
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In  the  two  previous  symposia,  only  high-resolution  techniques  v/crc  discussed; 
however,  tliis  symposium  was  expanded  to  include  other  advanced  concepts 
for  analytical  systems  in  the  clinical  laboratory.   Toward  this  end,  one 
of  the  sessions  was  devoted  to  papers  that  discuss  the  nev?  fast  analyzers 
utilizing  the  GeMSAEC  princ:iple. 

For  the  most  part,  the  Institute's  biomedical  engineering  contract  activ- 
ities will  be  concerned  v/ith  increasing  the  effectiveness  of  its  automated 
clinical  laboratory  program.   Although  the  existing  program  is  vigorous 
and  covers  a  reasonable  spread  of  activity  in  the  automation  of  clinical 
laboratories,  there  are  obvious  gaps  where  developmental  work  should  be 
emphasised.   Our  primary  goals  for  the  coming  year  reflect  this  and  relate 
to: 

1)  Expanding  the  science  base  on  which  the  automation  program  is 
built,  including  the  production  of  standard  reference  materials. 

2)  Developing  and  testing  more  rapid,  accurate  and  reliab].e  analytical 
instruments  (as  the  GeMSAEC,  ultraviolet,  and  carbohydrate  analyzers)  as 

a  foreifiost  need  in  clinical  chemistry. 

3)  Encouraging  the  automation  of  microbiology  which  has  advanced 
little  from  its  traditional  state  over  the  past  50  years. 

4)  Developing  a  report  on  "Steps  Tov/ard  the  Mechanization  and 
Automation  of  the  Clinical  Laboratory."   To  this  latter  end  and  as  a 
major  order  of  business,  the  Automation  in  the  Medical  Laboratory  Sciences 
Rcviev?  Committee  has  been  assessing  the  present  state  of  the  art  for  each 
of  the  activities  in  clinical  laboratories.   Through  this  means,  those 
areas  of  most  pressing  need  for  research  and  development  are  being  iden- 
tified.  In  the  coming  year  the  CoiTimittee  V7ill  design  a  hypothetical  set 
of  blueprints — a  program  and  timetable  for  furthering  the  automation  of 
clinical  laboratories.   In  this  it  v/ill  determine  and  indicate  the  major 
bottlenecks  that  are  holding  back  automation's  orderly  development. 

The  Future 

Although  the  role  that  the  Institute  has  played  to  date  in  the  overall 
interaction  of  engineering  with  biomedicine  has  been  a  rather  restricted 
one,  it  has  been  and  vrlll  continue  to  be  a  key  one  by  virtue  of  the 
encouragem.ent ,  stimulation  and  selective  support  that  it  can  provide 
through  its  broad-based  program.   An  expansion  of  biomedical  engineering 
research  and  educational  programs  in  academic  institutions  and  the  provision 
of  more  realistic  incentives  to  private  industry  in  selected  instances, 
if  properly  integrated,  can  add  directly  to  our  fundamental  qualitative 
and  quantitative  understanding  of  life  processes  and  can,  at  the  sam.e  time, 
contribute  to  the  advanced  technology  required  for  more  effective  health 
care. 
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CLINICAL  SCIENCES 

The  Clinical  Sciences  Program  is  designed  to  support  major  research 
efforts  in  specialized  clinical  areas  for  which  NIGMS  has  assigned 
responsibilities.   The  principal  areas  of  investigation  are  in  trauma, 
anesthesiology,  and  diagnostic  radiology. 

Trauma 

Trauma  is  defined  as  a  disease  produced  by  an  impact  of  energy  (usually 
mechanical  or  thermal)  at  a  rate  and  amount  sufficient  to  produce  cellular 
damage.   It  affects  approximately  one  out  of  every  four  Americans  each 
year  and  is  responsible  for  one  of  every  eight  beds  occupied  in  general 
hospitals  throughout  the  United  States.   The  National  Safety  Council 
reported  that  accidental  deaths  in  1970  took  a  toll  of  115,000  lives  and 
were  the  leading  cause  of  death  between  ages  1  to  44.   There  were 
10,800,000  disabling  injuries  of  which  400,000  produced  permanent  impair- 
ment.  The  estimated  cost  of  trauma  to  the  economy  rose  to  $25  billion 
for  the  year.   It  is  apparent  that  trauma  is  an  "epidemic  disease"  which 
continues  to  be  neglected  by  modern  society.   VJhile  deaths  from  other 
major  causes  are  steadily  declining,  death  from  trauma  continues  to  rise. 
Research  into  the  body's  responses  to  injury  will  lead  to  improved  emer- 
gency medical  services,  patient  care,  and  rehabilitatioii. 

Since  1966,  the  NIGMS  has  made  considerable  progress  in  building  a  trauma 
research  program.   It  has  encouraged  an  interdisciplinary  approach  to  the 
problem,  in  which  basic  scientists  have  collaborated  with  clinicians  to 
provide  more  advanced  technological  methods  for  the  study  of  injured 
patients.   Laboratory  and  clinical  investigations  have  been  carried  out 
on  the  metabolic,  pathophysiologic  and  biochemical  effects  of  injury 
through  the  study  of  organ  systems,  tissues,  cells,  and  subcellular 
components.   Extensive  studies  have  been  performed  on  specific  types  of 
injuries  such  as  burns  and  wounds  and  their  appropriate  therapy.   Also  of 
interest  have  been  studies  performed  on  the  effects  of  trauma  superimposed 
on  other  illnesses,  drugs  or  alcohol. 

In  FY  1971,  NIGMS  supported  nine  trauma  research  centers  and  28  research 
projects.   Each  research  project  is  devoted  to  the  concentrated  study  of 
one  aspect  of  trauma.   The  centers  are  highly  sophisticated  clinical 
research  activities  which  also  provide  improved  patient  care,  as  shown 
by  the  fact  that  many  severely  injured  patients  who  otherv;ise  might  die 
are  saved  through  the  application  of  new  information  gathered  from  these 
research  activities.   An  important  spin-off  of  the  centers  is  the  teaching 
opportunities  provided  to  postgraduate  physicians  and  biomedical  scientists 
interested  in  trauma  research. 

Two  new  trauma  centers  were  activated  this  year.   In  the  short  time  since 
the  awards  v;ere  made,  the  investigators  at  these  centers  have  set  up  their 
units  and  started  their  extensive  research  studies.   The  most  recent  center, 
av7arded  in  September  1970,  is  located  at  the  University  of  Mississippi. 
Dr.  James  Hardy  and  his  fellow  workers  are  studying  energy  metabolism 
following  stress,  since  the  fuels  and  the  metabolic  pathways  utilized 
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by  the  body  following  injury  differ  markedly  from  normal.   In  preparation 
for  calorimetry  studies,  they  are  constructing  a  special  insulated,  instru- 
mented room,  thus  providing  a  closed  system  for  the  continuous  assessment 
of  energy  exchange  in  the  trauma  patient. 

Other  investigators  at  the  Mississippi  Center  are  evaluating  the  role  of 
the  reticulo-endothelial  system  as  a  barrier  to  infection  and  as  a  scavenger 
in  clearing  damaged  tissue.   The  significance  of  observed  changes  in  function 
of  the  R-E  system  after  injury  is  being  studied  as  a  possible  clue  to 
the  observation  of  depression  of  host  resistance  to  infection  following 
injury. 

Another  trauma  research  center  activated  in  FY  1971  is  located  at  Boston 
University  Medical  Center  under  the  direction  of  Dr.  Richard  Egdahl. 
This  research  team  will  integrate  studies  of  endocrine  responses,  cellular 
metabolism,  and  cardiopulmonary  physiology  in  the  injured  man.   Several 
surgery  research  trainees  who  are  supported  by  an  NIGMS  training  grant  are 
included  in  this  program. 

Continuing  support  for  Dr.  Samuel  Povjers,  Albany  Medical  College,  vjas 
approved  in  1971  for  an  additional  five-year  period.   Dr.  Powers  is  seeking 
the  causes  of  those  deaths  which  occur  in  some  trauma  victims  despite  an 
apparently  successful  initial  resuscitation.   In  collaboration  with  faculty 
and  students  from  Renssalaer  Polytechnic  Institute,  Dr.  Powers  is  developing 
transducers,  mass  spectrography,  and  computer-based  techniques  to  follow 
oxygen  exchange  between  lung  and  blood.   The  measurements  obtained  have  led 
to  the  precise  definition  of  "post-traumatic  respiratory  distress  syndrome," 
as  well  as  the  devising  of  clinical  techniques  to  prevent  this  common  and 
usually  fatal  complication  of  trauma. 

At  Parkland  Hospital,  University  of  Texas  Southijestern  Medical  School, 
the  well-known  trauma  center  directed  by  Dr.  G.  Thomas  Shires  has  been 
studying  the  role  of  crystalloid  and  colloid  solutions  as  blood  substitutes 
for  resuscitation  after  hemorrhage.   This  has  been  a  controversial  subject 
for  many  years.   Dr.  Shires  has  successfully  treated  injured  patients 
following  hemorrhage  with  rapid  infusion  of  lactated  Ringer's  solution 
alone.   Using  a  modified  Ling-Gerard  muscle  electrode,  he  has  been  able  to 
record  the  transmembrane  potential  of  muscle  cells  in  44  patients.   The 
results  indicate  that  the  known  reduction  in  extravascular  fluid  volume 
which  occurs  in  trauma  is  due  to  a  shift  of  the  sodium  ion  into  the  intra- 
cellular compartment.   The  success  of  the  simplified  resuscitation  technique 
which  uses  only  the  easily  stored  Ringer's  solution  initially  is  attributed 
to  the  replacement  of  extracellular  sodium  which  he  believes  is  vital  in 
preventing  the  development  of  irreversible  shock. 

In  this  center,  investigators  are  continuing  to  study  the  causes  of  stress 
ulcer,  the  total  body  effects  of  thermal  injuries,  and  the  disturbances 
in  oxygen  transport  following  trauma. 

Two  other  centers  were  approved  in  FY  1971  for  renewed  support.  At  the 
University  of  Cincinnati,  Dr.  VJilliam  Altemeier  and  his  co-workers  will 
continue  to  study  life-threatening  infections  following  trauma.   This 
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team  has  demonstrated  impoi'tant  alterations  in  basic  host  defense  mechanisms 
following  injury.   The  onset  of  the  infection  can  be  related  to  an 
abnormality  in  neutrophil  function,  and  this  in  turn  is  leading  to  a 
reassessment  of  the  use  of  antibiotics  during  cycles  of  increased  sus- 
ceptibility to  wound  infection. 

At  State  University  of  New  York,  Buffalo,  Dr.  Worthington  G.  Schenk  has 
developed  probes  to  measure  changes  in  blood  flow  in  various  tissues 
during  the  sequential  organ  failure  which  may  follow  severe  trauma.   He 
is  attempting  to  correlate  this  technique  with  the  commonly  used  methods 
of  dye  clearance  and  impedance  plethysmography.   Dr.  Schenk  and  his 
collaborators  have  succeeded  in  safely  m.aintaining  a  catheter  in  the 
pulmonary  artery  for  several  days.   This  technique  provides  vital  serial 
information  about  changes  in  pulmonary  and  cardiac  function  during  the 
critically  dangerous  first  few  days  follovxing  trauma. 

Dr.  John  Kinney  at  Columbia-Presbyterian  is  in  his  fifth  year  as  program 
director  of  the  trauma  research  center.   He  is  measuring  gas  exchange, 
energy  production,  and  changes  in  carbohydrate  and  protein  metabolism 
following  injury  in  an  attempt  to  determine  dietary  requirements  during 
treatment  and  convalescence.   Some  patients  lose  as  much  as  10  percent  of 
their  body  protein  after  injury  and  are  being  followed  to  determine  the 
metabolic  significance  of  these  excessive  losses.   Dr.  Kinney  believes 
that  the  retention  of  water  in  tissues  following  injury  relates  to  the 
change  from  cai'bohydrates  to  fats  as  an  energy  source  after  injury,  and 
is  exploring  the  physiological  basis  for  this  change. 

Animal  studies  by  Dr.  Jerome  Modell  at  the  University  of  Florida, 
Gainesville,  have  demonstrated  that  certain  fluorocarbon  fluids  could  prove 
valuable  as  a  means  of  assisting  pulmonary  ventilation  and  of  clearing  the 
airway  of  obstructive  secretions  which  may  accumulate  following  anesthesia 
or  near-dro^Jiiing.   Dr.  Modell  and  his  colleagues  have  successfully  oxygenated 
dogs  up  to  eight  hours  by  pulmonary  lavage  with  f luorocarbons .   These 
substances  have  an  oxygen-holding  capacity  of  one  and  one-half  times  that 
of  blood  and  can  exchange  gases  with  capillary  blood  in  the  lungs. 
Reconversion  to  gaseous  breathing  was  accomplished  with  relative  ease 
after  lavage,  and  there  were  no  clinical  signs  of  the  respiratory  distress 
which  had  been  seen  during  earlier  experiments.   Measurements  of  arterial 
oxygen  tension  returned  to  normal  by  the  third  day,  and  the  majority  of 
the  dogs  were  leading  active,  normal  lives  by  this  time. 

Considerable  research  is  still  needed  before  Dr.  Modell  could  consider 
applying  this  technique  to  humans.   Should  the  f luorocarbons  prove  to  be 
nontoxic,  they  could  prolong  life  in  such  illnesses  as  cystic  fibrosis, 
severe  asthma,  or  near-droivming. 

At  the  University  of  California,  Los  Angeles,  Dr.  James  Maloney  is 
developing  mathem.atical  models  for  use  in  determining  the  best  clinical 
treatment  for  the  restoration  of  intracellular  electrolytes.   While  he 
has  shown  that  depletion  of  cellular  potassium  commonly  leads  to  cardiac 
arrhythmias,  he  also  observed  that  replacement  of  this  element  at  too 
rapid  a  rate  by  intravenous  routes  will  cause  cardiac  arrest.   Dr.  Maloney 
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is  successfully  attacking  the  problem  in  animals  by  computer-based  models 
which  predict  the  optimum  rate  of  administration  of  the  needed  potassium. 
Confirmation  of  the  value  of  the  animal  model  is  leading  to  human  studies 
of  potassium  repletion,  a  most  important  problem  in  cardiac  surgery. 

In  the  care  of  the  critically  ill  patient,  the  cost  in  both  time  and  money 
of  devoting  a  hospital-based  computer  facility  to  on-line  monitoring  of 
seriously  ill  patients  is  probably  prohibitive  for  all  but  a  small  number 
of  institutions  at  the  present  time.   Therefore,  Dr.  Siegel,  Yeshiva 
University,  New  York,  is  using  a  time-shared  facility  to  develop  indices 
of  system  and  organ  function  following  injury  or  infection.   Display 
techniques  enable  a  physician  to  compare  a  particular  patient  to  others 
with  similar  problems,  estimate  the  probable  effectiveness  of  various  types 
of  treatment,  and  then  judge  the  response  to  the  chosen  treatment  based 
on  known  survival  probabilities  of  similar  patients.   This  use  of  a  computer 
as  an  extension  of  the  evaluation  techniques  normally  employed  by  physicians 
shows  exceptional  possibilities  as  a  teaching  device  as  well  as  a  mechanism 
for  sharing  clinical  research  data  between  laboratories. 

Burns  are  a  major  cause  of  accidental  deaths  in  children.   Despite  extensive 
research  in  this  area,  much  information  is  still  needed  to  understand  the 
myriad  of  systemic  responses  evoked  by  thermal  injury.   At  the  Medical 
College  of  Georgia,  Dr.  Carl  Jelenko  has  found  that  ethyl  linoleate,  an 
inexpensive  liquid,  may  be  useful  in  the  early  treatment  of  burns.   There 
are  indications  that  the  increased  caloric  requirements  of  burned  patients 
are  related  to  the  excessive  water  loss,  and  Dr.  Jelenko  and  his  group  are 
investigating  ethyl  linoleate  on  burned  animals  to  determine  its  effective- 
ness.  By  sprayiiig  this  chemical  on  burned  surfaces  of  animals,  he  has 
shown  the  evaporative  water  loss,  normally  a  problem,  to  be  reduced  by 
half.   This  work,  if  confirmed,  may  lead  to  important  advances  in  the 
ability  of  physicians  to  cope  with  the  complex  metabolic  problems  of  burn 
patients . 

As  a  major  effort  to  inform  the  scientific  community  involved  in  trauma 
research,  the  Institute  held  an  International  Trauma  Symposium  entitled 
"Research  on  the  Care  of  the  Injured"  on  May  18-20,  1970.   It  was  a 
well-attended  conference  with  participants  from  Canada,  Europe,  and  the 
United  States.   A  major  portion  of  the  sessions  was  devoted  to  informal 
workshops  on  the  current  state  of  the  art  and  specific  needs  in  the  field 
of  trauma  research.   The  conference  generated  considerable  interest  among 
investigators  as  shov7n  by  the  increase  of  trauma-related  applications  in 
FY  1971. 

In  the  coming  year,  NIGMS  plans  to  activate  its  tenth  trauma  research 
center,  which  was  approved  for  funding  by  Council  in  FY  1971.   This  center, 
located  at  the  University  of  California,  San  Francisco,  will  be  under  the 
direction  of  Dr.  William  Blaisdell  and  will  involve  studies  on  V70und 
healing,  coagulation  and  changes  in  the  microcirculation  following  trauma, 
and  pulmonary  changes  follov/ing  positive  pressure  ventilation. 

A  careful  assessment  of  the  trauma  program  is  being  made  by  Institute 
staff  in  an  endeavor  to  stimulate  research  of  high  scientific  merit  in 
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neglected  areas  of  trauma  which  In  turn  should  lead  to  better  patient  care. 
VJe  expect  that  several  new  trauma  research  centers  and  program  projects, 
as  well  as  numerous  projects,  will  be  competitively  available  for  funding 
in  FY  1972. 

Anesthesiology 

The  NIGMS  program  in  anesthesiology  was  initiated  in  an  effort  to  improve 
and  expand  the  patient-oriented  services  and  skills  of  the  anesthesi- 
ologist not  only  in  the  operating  room,  but  in  providing  analgesia, 
resuscitation,  and  inhalation  therapy  and  supervising  respiratory,  circula- 
tory, and  intensive  care  units. 

The  present  progjam  supports  10  regular  research  projects,  three  program 
projects,  and  four  centers  for  anesthesiology  research  and  training. 
Investigations  concern  the  pharmacology  of  anesthetics,  obstetrical  anes- 
thesia, neonatal  resuscitation,  the  metabolic  effects  of  anesthetics, 
cardiorespiratory  physiology  related  to  anesthesia,  the  nature  and  control 
of  pain,  and  anesthesia  technology. 

One  of  the  major  objectives  in  the  centers  is  to  create  an  interdisciplinary 
approach  to  clinical  and  basic  research  problems  related  to  patient  care 
before,  during  and  after  the  administration  of  anesthesia.   This  permits 
the  anesthesiologist  to  assume  greater  involvement  in  those  aspects  of  the 
management  of  the  patient  for  which  he  is  becomiiig  unique].y  qualified. 
For  example,  a  relatively  new  project  in  the  anesthesiology  research  center 
at  the  University  of  Pennsylvania  is  a  study  of  the  effects  of  injury  and 
infection  on  breathing.   This  study  was  prompted  by  the  concern  of 
clinicians  over  a  syndrome  known  as  "post-traumatic  pulmonary  insufficiency.' 
Following  apparently  successful  early  resuscitation,  some  severely  injured 
patients  subsequently  develop  breathing  problems  that  increase  in  severity 
and  may  lead  to  death.   Dr.  Dripps  and  his  collaborators  believe  that  injury 
and  subsequent  anesthesia  produce  a  marked  vasoconstriction  in  the  lungs 
which  can  be  interrupted  by  the  use  of  proper  drugs.   The  work  is  continuing 
in  an  effort  to  identify  the  mechanisms  and  provide  proper  therapy  for  this 
syndrome. 

Dr.  Dripps  and  his  associates  have  also  devised  a  simple  test  to  determine 
heparin  activity  following  open  heart  surgery.   Patients  require  heparin 
to  prevent  blood  from  clotting  during  this  surgical  procedure,  but  they 
also  require  a  carefully  balanced  reversal  and  control  of  the  heparin 
effect  to  prevent  severe  bleeding  postoperatively.   The  Pennsylvania  group 
has  shown  that  administration  of  protamine  will  effect  this  reversal,  and 
the  specific  amount  of  protamine  needed  can  be  determined  by  a  simple, 
five-minute  laboratory  test.   ITiis  test  V7ill  protect  the  patient  from  the 
risk  of  further  surgery  that  might  otherwise  be  needed  to  control  any 
bleeding. 

At  the  University  of  Washington,  Seattle,  Dr.  John  Bonica  and  his  associates 
have  devoted  a  major  portion  of  their  work  to  the  neuropharmacology  of 
anesthetic  drugs.   This  group  has  been  concerned  with  the  potential  toxicity 
from  overdoses  of  local  anesthetics  which  are  widely  used  in  the  treatment 
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of  cardiac  arrhythmia.   They  have  demonstrated  that  these  anesthetic 
agents  cause  convulsions  by  their  effects  on  the  base  of  the  brain 
(i.e.,  the  limbic  brain).   If  the  anesthetic  blood  level  is  further 
elevated,  limbic  seizures  spread  to  other  portions  of  the  brain,  giving 
rise  to  the  familiar  generalized  tonic-clonic  seizures.   Even  though 
seizures  represent  the  most  severe  toxic  manifestation  of  local  anesthetic 
overdosage,  little  can  be  done  to  prevent  them.   Barbiturates  must  be 
given  in  near-hypnotic  doses  to  suppress  these  seizures.   The  investi- 
gators at  the  University  of  Washington  have  found,  through  laboratory  and 
subsequent  clinical  studies,  that  diazepam,  a  popular  tranquilizer,  has  a 
quieting  action  on  the  limbic  brain  and  V;j'ill  prevent  local  anesthetic 
seizures.   Premedicatioti  with  this  drug  allows  the  physician  to  use  local 
anesthetics  more  freely  and  affords  greater  protection  to  the  patient. 

Also,  at  the  University  of  Washington  Anesthesiology  Center,  attention  has 
been  directed  to  the  alleviation  of  obstetric  pain  associated  with  labor 
and  delivery.   Pain  pathways  to  the  uterus  previously  have  been  empirically 
deduced  entirely  on  the  basis  of  clinical  observations  during  parturition. 
Dr.  Bonica  and  his  group  have  made  extensive  studies  of  these  pain  pathways 
utilizing  selective  nerve  blocking  with  local  anesthetics.   They  found 
that  the  pain  occurring  at  each  stage  of  labor  is  produced  by  the  stimula- 
tion of  specific  nerves  and  by  carefully  blocking  these  nerves  the  pain 
can  be  temporarily  interrupted.   During  the  first  stages  they  selectively 
block  the  four  spinal  nerves  involved  (TlO-Ll  of  the  lower  abdoinen) .   As 
labor  progresses,  pain  can  be  further  prevented  by  successive  blocking  of 
the  lower  spinal  nerves  and  finally  the  lowest  satral  nerves.   This  method 
of  regional  anesthesia  to  control  pain  during  parturition  has  been  success- 
fully used  by  Dr.  Bonica  on  many  patients.   He  has  found  that  it  provides 
less  interference  with  the  progress  of  labor  and  less  depression  to  the 
newborn,  two  very  important  considerations  since  complications  following 
anesthesia  constitute  the  fifth  highest  cause  of  maternal  and  fetal  mortality. 

At  the  Columbia-Presbyterian  Anesthesiology  Center,  Dr.  Ngai  and  his 
co-investigators  have  made  a  significant  contribution  to  the  knowledge  of 
fetal  and  neonatal  physiology.   An  important  contribution  of  this  group 
has  been  to  establish  a  standard  diagnostic  technique  for  sampling  capillary 
blood  obtained  from  the  fetus  scalp  during  labor.   By  continuously  monitoring 
the  pH  of  the  blood  samples  they  have  shovm  that  all  infants  have  a  tendency 
to  become  acidotic  as  labor  progresses.   This  observation  permits  the 
obstetrician  to  take  iramsdiate  steps  toward  surgical  intervention  should  the 
fetal  pll  drop  belovj  the  critical  value  of  7.2. 

Oiie  example  of  the  extensive  cooperative  involvement  of  the  anesthesiologist 
with  other  clinical  specialists  is  seen  in  a  study  on  oxygen  transport  in 
burned  patients  at  the  Harvard  Anesthesia  Center.   They  have  found  that 
patients  with  massive  burns  requiring  silver  nitrate  therapy  may  develop 
extensive  methemoglobinemia  following  infection  of  the  wounds.   This  has  led 
them  to  question  whether  this  phenomenon  is  causally  associated  with  the 
simultaneous  administration  of  massive  transfusion  of  stored  ACD  blood. 
Such  blood  is  knovrn  to  be  deprived  of  2,3  diphosphoglyceric  acid,  which  is 
believed  to  be  necessary  in  the  delivery  of  adequate  amounts  of  oxygen  to 
tissues.   This  preliminary  study  is  only  one  part  of  the  important  aspect 
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of  oxyliemoglobin  dissociation  to  which  this  team  hopes  to  contribute  a 
better  understanding. 

Nev^born  infants,  especially  prematures,  have  a  high  incidence  of  mortality 
from  hyaline  membrane  disease,  a  syndrome  leading  to  severe  respiratory 
distress.   At  the  University  of  California,  San  Francisco,  Dr.  Hamilton  and 
his  team  of  investigators  in  the  anesthesiology  research  program  have 
successfully  treated  16  out  of  20  such  infants,  weighing  less  than  1500  Gm. 
Using  a  reservoir  bag  and  a  sufficiently  high  flow  of  humidified  gases, 
varying,  positive  pressure  is  applied  to  the  airv/ays  of  the  afflicted 
infants.   This  simple  and  low-cost  equipment  is  easy  to  operate  and 
contains  safety  valves  to  protect  the  infant  against  excessive  pressure. 
This  group  believes  that  the  positive  pressures  employed  enlarge  the  func- 
tional residual  capacity  of  the  infant's  lungs  and  ventilates  small  lung 
spaces  which  had  previously  collapsed. 

Grantees  supported  by  the  NIGMS  program  have  demonstrated  anesthesiology's 
capacity  to  contribute  to  medicine  beyond  the  limits  of  anesthetic  adminis- 
tration.  The  anesthetist  has  become  an  important  part  of  the  team  needed 
for  the  delivery  and  improvement  of  health  care.   Two  new  project  grants 
which  were  approved  in  FY  1971  will  be  funded  next  year,  and  it  is  expected 
that  other  applications  of  high  merit  will  become  available  for  funding 
during  FY  1972. 

Diagnostic  Radiology 

The  NIGMS  program  in  diagnostic  radiology  supports  studies  involving  the 
use  of  ionizing  radiation,  radioactive  isotopes,  infrared  radiation,  and 
ultrasound  for  medical  diagnosis;  for  investigation  of  the  structure  and 
function  of  tissues;  and  for  explorations  into  mechanisms  of  disease. 
This  research  also  includes  the  study  of  contrast  media  and  pharmacologic 
agents  in  diagnostic  procedures,  as  well  as  the  analysis  and  interpreta- 
tion of  pictorial  data  obtained  from  such  studies.   Radiologic  research  is 
highly  dependent  on  advances  in  instrumentation.   The  increasing  complexity 
of  the  instrumentation,  the  proliferation  of  new  techniques,  and  the 
increasing  demand  for  radiologic  services  in  many  new  problem  areas  of 
medicine — from  assessment  of  the  revascularization  of  the  heart  to 
evaluation  of  the  function  of  transplanted  organs — have  created  a  consider- 
able challenge  to  a  research  field  which  is  already  short  of  investigators. 

During  this  year,  support  amounting  to  less  than  $700,000  was  provided  for 
14  individual  research  projects  and  2  program  projects.   Proposals  from 
three  institutions  for  the  establishment  of  diagnostic  radiology  research 
centers  are  in  various  stages  of  review  at  present,  and  it  is  expected 
that  at  least  one  center  can  be  initiated  in  the  coming  year. 

The  most  widely  used  tool  of  diagnostic  radiology  is  the  X-ray  and  radio- 
isotope image,  and  several  investigators  are  developing  ways  of  improving 
the  recording  and  interpretation  of  these  images.   One  of  these  efforts 
is  located  at  Temple  U:iiversity,  where  radiologists  are  attempting  to 
improve  diagnostic  accuracy  through  the  development  of  automated  systems 
for  film  reading.   Their  experimental  approach  began  with  the  evaluation 
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of  the  effects  of  changes  in  imaging  technique,  using  test  film  series  and 
measurements  of  observer  error  rates.   A  variety  of  television  systems 
were  then  studied,  and  it  became  apparent  that  all  image  processors  currently 
available  diminish  diagnostic  accuracy,  as  compared  to  direct  viewbox 
reading  of  the  original  films.   Using  these  findings,  it  was  possible  to 
predict  that  a  number  of  existing  proposals  for  improving  imaging  tech- 
niques would  have  little  chance  of  decreasing  error  rates,  and  they  were 
abandoned.   Instead,  these  investigators  have  employed  a  systems  approach 
using  quantitative  analysis  of  anatomic  structures,  mathematical  analysis 
of  image  processors,  measurements  of  perceptual  processes,  and  descriptions 
of  the  radiologist's  decision-making  process.   The  use  of  linear  filters 
to  enhance  selected  anatomic  structures  was  evaluated  through  the  use  of 
mathematical  models  and  simple  test  systems.   This  efficient  and  inexpen- 
sive approach  was  able  to  demonstrate  the  fundamental  vmsuitability  of  a 
series  of  elaborate  image  processors,  without  having  to  design  and  test  the 
actual  hardware.   Similarly,  analysis  of  degradation,  processes  in  the 
televised  image  has  shovm  that  a  side-by-side  display,  using  two  different 
processing  modes,  produces  a  predicted  decrease  in  error  rates  and  that  a 
television  display  using  two  can:eras  in  a  subtraction  mode  can  produce  an 
image  which  is  as  good  as  the  direct  viewing  of  films,  in  terms  of  error 
rate.   This  modification  of  a  commercial  television  system  is  undergoing 
clinical  evaluation  in  neuroradiology,  thermography,  and  intravascular 
catheterizations . 

Studies  important  to  improved  image  storage  and  retrieval  systems  are  being 
carried  out  in  a  new  program  project  at  the  University  of  Missouri.   This 
research  involves  a  computer  system  for  automatically  scanning,  digitizing, 
and  displaying  images,  as  well  as  analysis  and  display  of  quantitative 
measures  of  the  significant  diagnostic  information.   These  ambitious  goals 
are  being  approached  through  computer  analysis  of  brain  scans,  bone  surveys, 
and  chest  films.   Brain  tumors  have  been  successfully  located  and  classified 
by  direct  computer  interpretation  of  a  radiant  image.   Studies  of  chest 
films  have  progressed  to  the  point  where  the  computer  can  identify  the 
cardiac  silhouette,  determine  \\'hether  the  heart  is  normal,  or  assign  it  to 
one  of  the  four  classes  of  disease.   Tliis  computerized  system  makes  these 
diagnoses  with  a  rate  of  success  substantially  better  than  a  team  of  highly 
qualified  radiologists.   These  investigators  are  also  utilizing  the  computer 
to  define  normal  joints  and  normal  bone  trabeculae,  with  the  intention  of 
working  tov/ard  automated  diagnosis  of  arthritis  and  bone  tumors. 

New  techniques  for  using  contrast  media  to  expand  the  applications  of 
radiologic  imaging  are  being  developed  in  the  NIGMS  program.   The  search  for 
selective  contrast  media  which  can  provide  improved  visualization  of  specific 
organs  with  greater  safety  is  being  pursued  vigorously,  as  radiologists  are 
being  called  upon  to  perform  increasingly  complex  diagnostic  tests,  partic- 
ularly in  patients  v7ho  are  critically  ill.   The  identification  and  evaluation 
of  the  biological  effects  of  new  contrast  media  represent  a  serious  challenge 
to  radiologists,  pharmacologists,  and  physiologists — another  example  of  the 
great  need  for  multidisciplinary  research.   Studies  of  the  detoxifying 
pathways  and  the  modes  of  excretion  of  contrast  media  are  being  made,  in 
attempts  to  improve  the  media  and  define  the  basis  of  toxic  reactions. 
Investigators  at  the  University  of  California,  San  Diego,  are  seeking  the 
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physiological  basis  for  the  clinical  observation  that  a  contrast  media 
which  may  cause  severe  reactions  when  given  intravenously  is  often  well 
tolerated  when  administered  intra-arterially .   This  finding,  coupled  with 
the  fact  that  reactions  often  are  seen  at  the  time  of  the  first  injection, 
suggests  that  the  urticaria,  dyspnea,  and  tachycardia  which  may  occur 
when  contrast  media  are  injected  may  not  have  an  immunologic  basis,  as  is 
usually  believed.   They  are  studying  histamine  release  as  a  likely  etiologic 
mechanism, 

Tlie  NIGMS  program  in  radiology  research  is  seeking  improved  methods  of 
determining  blood  flow  in  a  variety  of  medical  problems.   Estimations  of 
dynamic  f.low,  particularly  in  small  vessels,  is  demonstrating  its  great 
clinical  potential  in  determining  the  feasibility  of  surgical  repair 
in  patients  with  diseases  involving  the  brain,  kidney,  heart,  or  lungs, 
and  in  evaluating  the  outcome  of  new  surgical  techniques.   Better  agents 
for  measuring  lymphatic  flow  are  also  being  developed  to  estimate  tissue 
edema,  wound  healing,  and  fluid  exchange  in  tissues. 

Diagnostic  radiology  research  is  critically  dependent  on  multidisciplinary 
research  teams  V7ith  the  competence  to  explore  and  evaluate  new  concepts  in 
a  manner  which  will  ensure  their  applicability  to  medical  problems.   Teams 
of  good  potential  in  several  radiology  departments  are  being  actively 
recruited. 
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PROGRAM  ADMINISTRATION 


RESEARCH  GRANTS  BRANCH 

In  contrast  to  the  previous  two  years,  FY  1971  brought  a  considerable 
change  in  staff  as  the  result  of  retirements,  resignations,  and  advance- 
ments.  The  Branch  continued  to  function  smoothly  v/ithout  disruption  during 
this  period  of  change. 

The  ability  of  the  Institute  to  fund  approved  applications  was  more  than 
doubled  compared  to  last  year.   A  total  of  334  competing  applications 
was  funded  within  the  NIGMS  programs.   This  represented  42  percent  of  the 
approved  applications  in  comparison  to  a  figure  of  only  19  percent  during 
the  previous  fiscal  year.   To  meet  all  the  Institute  commitments  and  start 
a  reasonable  number  of  new  projects,  all  awards  vzere  negotiated  down^^7ard 
by  an  overall  figure  of  6.5  percent.   During  the  coming  year,  such  blanket 
negotiations  will  probably  not  be  made.   In  addition,  44  competing 
applications  in  genetics  from  five  other  Institutes  vjerc  paid.   The 
improvement  in  funding  X'jas  due  largely  to  the  appropriation  by  the 
Congress  of  $10,000,000  for  genetics  research,  of  which  $7,750,000  was 
released  for  distribution.   These  funds  were  distributed  as  follows: 

Genetics  Research 


Institute 

No. 

of  Grants 

Amount 

CM 

122 

$6 

,169,334 

AI 

19 

568,262 

HD 

13 

575,337 

AI-I 

8 

306,742 

CA 

3 

107,188 

ND 

1 

23,137 

A  summary  of  active  grants  and  grants  funded  in  FY  1971  is  given  in  Table  1. 

The  average  grant  rose  by  about  $10,000  over  the  previous  year,  reaching 
a  figure  of  $70,180  per  grant  in  total  cost.   This  vras  due  to  (1)  increased 
indirect  costs,  (2)  increased  size  of  competing  applications,  and  (3)  built- 
in  increases  in  the  continuing  projects.   These  factors  resulted  in  a  slight 
decrease  in  the  number  of  NIGMS  av7ards  in  spite  of  the  increased  funds  for 
genetics  research. 

Over  the  past  several  years  the  General  Medical  Research  Program-Project 
Committee  has  served  as  a  general  program  project  review  body  covering 
applications  in  the  Fundamental  Sciences,  Clinical  Sciences,  Bioengineering, 
and  Automated  Clinical  Laboratories  Programs.   For  som.e  time  it  has  been 
apparent  that  the  spectrum  of  talents  required  for  such  broad  coverage  was 
too  great  for  a  single  committee.   Because  of  the  predominance  of  applica- 
tions in  traimia,  anesthesiology,  and  diagnostic  radiology  V7hich  came  in 
for  review  as  these  programs  developed,  the  GMP  Committee  had  become  heavily 
oriented  to  the  clinical  programs  and  was  no  longer  suitable  for  reviev7  of 
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all  fields.   Meanwhile,  the  clinical  programs  had  developed  to  the  point 
where  it  v/ould  be  desirable  to  utilize  such  a  committee  for  program 
advisory  as  well  as  review  purposes.   Accordingly,  the  function  of  the 
GMP  Committee  was  revised  to  handle  the  rev±e\^   of  program  project  applica- 
tions in  anesthesiology,  diagnostic  radiology,  trauma,  and  bioengineering 
and  to  act  as  a  program  advisory  group  in  the  clinical  programs.   Dr.  Larry 
Rose,  Assistant  Chief  for  Clinical  Programs,  was  designated  as  Executive 
Secretary  of  the  Committee.   Applications  in  the  fundamental  sciences  will 
now  be  reviewed  by  DRG,  while  those  in  the  Automated  Clinical  Laboratory 
Program  will  be  sent  to  the  Automation  in  the  Medical  Laboratory  Sciences 
Review  Committee. 

Table  1 
Program  Summary — Research  Grants  Branch 


Program 

Pharmacology  and  Toxicology 

Engineering  in  Biol,  and  Med. 

A.  Biomed.  Engineering 

B.  Auto,  of  the  Clin.  Lab. 
Clinical  Medicine 

A.  Anesthesiology 

B.  Diagnostic  Radiology 

C.  Trauma 

D.  Clinical  Medicine 
Behavioral  Sciences 
Fundamental  Sciences 

A.  Genetics 

B.  Genetic  Chemistry 

C.  Cell  Structure  &  Function 

1.  Cell  Structure 

2.  Cell  Function 

a.  Level  of  the 
Whole  Cell 

b.  Subcell.  Level 

D.  Bio-rel.  Chem.  Proc. 

E.  Adaptation 

Subtotal 

Nat'l   Heart    &  Lung   Institute 
Other   Institutes    (Genetics) 


Act 

ive  Grants 

Awar' 

ds  from 

As 

of  6/30/71 

Fiscal 
No. 

66 

Year  19  71 

No. 

Amount 

Amount 

75 

$  9,028,611 

$  8,864,696 

57 

6,642,460 

45 

5,410,393 

56 

4,869,761 

50 

4,301,442 

17 

3,863,039 

13 

3,773,260 

16 

1,089,337 

16 

1,543,196 

34 

3,456,035 

29 

3,305,648 

12 

847,722 

10 

799,999 

8 

868,188 

7 

755,460 

229 

16,878,093 

220 

16,392,615 

144 

8,346,419 

141 

8,048,519 

160 

7,803,840 

143 

7,312,481 

88 

4,078,999 

79 

3,796,639 

164 

8,162,956 

140 

7,542,999 

156 

5,813,876 

138 

5,178,778 

13 

885,867 

12 

803,792 

1,229 

82,635,253 

1,109 

77,829,917 

8 

445,417 

8 

445,417 

43 

1,580,666 

43 

1,580,666 

Grand  Total 


1,280   $84,661,336    1,160   $79,856,000 
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RESMRCH  TR/^NING  GRANTS  BPvANCH 

As  in  previous  years,  training  grants  were  awarded  to  medical  schools  and 
other  institutions  to  increase  the  numbers  of  highly  trained  researchers 
in  selected  biomedical  science  fields  where  well-trained  research  people 
still  are  in  short  supply.   The  general  reduction  in  program  volume 
nevertheless  has  had  the  general  effect  of  reducing  the  numbers  of  people 
being  trained.   Along  with  the  termination  of  the  predoctoral  fellowships 
program,  this  has  had  the  continuing  effect  of  increasing  competition  for 
predoctoral  support  by  means  of  training  grants.   Tliis  predictable  result 
has  been  felt  particularly  in  biochemistry  and  to  a  lesser  degree  in 
biophysics,  which  are  two  of  the  most  popular  areas  of  support.   This 
effect  will  continue  to  be  felt  in  future  years  as  the  discontinuance  of 
the  predoctoral  fellowships  program  reaches  its  full  impact  and  graduate 
students  who  would  otherwise  have  been  fellowship  candidates  seek  training 
grant  support. 

Much  of  the  professional  staff's  time  and  effort  has  been  spent  responding 
to  concerns  expressed  by  the  Office  of  Management  and  Budget  as  to  the 
appropriate  future  of  the  training  grant  program.   Issues  in  question 
relate  to  the  relative  merit  of  training  stipends  versus  loans  for  the 
support  of  graduate  students,  whether  an  oversupply  of  scientists  is  being 
produced,  v/hether  persons  trained  are  entering  careers  for  which  their 
training  was  intended,  and  whether  the  training  of  scientists  is  in 
competition  with  the  production  of  physicians. 

In  responding  to  such  questions,  heavy  reliance  has  been  placed  upon 
Institute  consultants  and  consultant  groups. 

At  the  Novem.ber  meeting  of  J:he  National  Advisory  General  Medical  Sciences 
Council,  a  special  program  was  presented  in  order  to  review  the  status  of 
biomedical  scientific  manpower  in  relation  to  the  Institute's  research 
training  support  programs.   Although  a  number  of  observations  were  presented 
relating  to  the  production  of  scientific  manpower,  it  did  not  appear  that  a 
real  likelihood  exists  that  overproduction  of  trained  basic  biomedical  and 
clinical  scientists  of  high  quality  will  occur  in  the  foreseeable  future. 

As  a  further  means  of  assembling  program  data  and  records  of  program 
accomplishment,  a  program-by-program  summary  report  was  prepared  by 
Institute  staff  sumjnarizing  training  grant  activities  for  the  years  1964 
to  1971.   This  includes  discussions  of  trends  in  scientific  emphasis, 
productivity,  and  available  information  from  follow-up  studies  of  careers 
of  ex-trainees.   The  material  presented  provides  an  effective  summary 
account  of  the  content  and  status  of  each  of  the  Institute's  training 
program  activities  as  they  nov;  exist. 

A  special  meeting  of  the  chairmen  of  the  training  committees  was  held  in 
February  for  the  purpose  of  introducing  them  to  the  challenging  questions 
raised  by  the  0MB  regarding  the  future  support  of  the  training  grant 
mechanism.   Subsequently,  each  of  the  training  committees  has  devoted 
extensive  effort  to  preparation  of  a  report  describing  the  status  of 
manpower  in  its  own  discipline,   This  series  of  reports  will  be  completed 
in  early  FY  1972. 
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Prepublication  copies  of  a    statistical  report  prepared  under  Institute 
contract  in  the  Office  of  Scientific  Personnel  of  the  National  Research 
Council,  entitled  "Education  and  Employment  Patterns  of  Bioscientists" 
have  become  available.   This  constitutes  a  follow-up  of  an  earlier 
evaluative  study  of  the  Institute's  training  program  conducted  by  the 
National  Research  Council.   It  provides  reference  statistics  from  various 
sources  which  are  presented  in  tables  for  ready  reviev/  in  th.e  context  of 
NIGMS  training  activities.   This  report  should  be  of  value  in  the  develop- 
ment of  policy  decisions. 

In  March  1971,  the  Institute  and  the  Medical  Scientist  Training  Committee 
sponsored  a  program  meeting  in  Bethesda,  to  which  program  directors, 
selected  faculty  members,  and  trainees  of  the  eleven  currently  active 
programs  were  invited.   The  purpose  of  the  meeting  was  to  exchange  informa- 
tion and  ideas  about  the  program  with  a  frank  discussion  of  problems. 
These  training  programs  in  particular,  being  institution-wide  in  scope, 
vary  in  character  and  differ  greatly.   The  opportunity  for  the  participants 
to  get  to  know  programs  other  than  their  own  was  considered  an  important 
and  valuable  experience.   This  day-and-a-half  meeting  v/as  therefore  not 
only  informative  for  hosts  and  guests  alike  but  also  served  as  further 
impetus  for  change  in  some  programs. 

Although  efforts  in  support  of  meritorious  programs  to  train  increasing 
numbers  of  highly  qualified  academicians  for  faculty  positions  in  anes- 
thesiology are  continuing,  support  of  clinical  anesthesiology  training 
per  se  vsrill  be  discontinued  with  the  expiration  of  current  commitments. 
Hence  28  of  29. existing  grants  will  terminate  June  30,  1972.   This  decision 
is  based  upon  several  factors:   (1)  the  impact  of  Medicare  and  Medicaid 
on  the  teaching  programs  of  many  hospitals;  (2)  with  the  severe  shortages 
of  clinical  manpower  developing  in  other  medical  specialty  areas  (e.g., 
radiology,  pathology),  there  is  little  further  reason  to  single  out  clinical 
anesthesiology  for  support  by  NIGMS,  which  has  the  primary  mission  of 
supporting  research  training;  (3)  residency  salary  increases  have  rendered 
it  unrealistic  to  attempt  to  recruit  highly  qualified  trainees  by  offering 
postdoctoral  stipends  at  existing  levels.   It  is  still  felt  that  in  any 
future  clinical  training  activity  the  role  of  this  Institute  should  continue 
to  emphasize  improvement  of  quality  rather  than  merely  increasing  the 
numbers  of  practicing  physicians  in  any  specialty. 

In  the  course  of  FY  1971  the  Institute  has  increased  direct  contacts  with 
faculty  and  officials  of  predominantly  black  colleges  and  universities  to 
encourage  their  greater  participation  in  the  NIGMS  and  other  NIH  training 
grant,  fellowship,  and  research  grant  programs.   Dr.  Geraldine  Woods,  con- 
sultant to  the  Institute  for  this  purpose,  has  now  completed  visits  to  21 
black  colleges  and  universities  accompanied  by  NIGMS  staff.   Particular 
effort  has  been  made  to  stimulate  original  research  proposals  from  estab- 
lished scientists  in  these  institutions.   However,  during  these  visits, 
increasing  awareness  has  developed  of  the  urgency  to  aid  in  upgrading 
research  training  in  biomedical  fields  for  promising  talent  among  black 
undergraduate  and  graduate  students. 
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As  a  beginning,  the  NIGMS  has  encouraged  submission  of  research  training 
grant  proposals  from  a  few  appropriate  institutions.   In  FY  1971,  training 
grant  applications  from  Howard  University  and  the  University  of  Tennessee- 
Oak  Ridge  Graduate  Schoo].  of  Biomedical  Sciences  were  reviewed  by  the 
National  Advisory  General  Medical  Sciences  Council  and  enthusiastically 
recommended  for  approval.   Grants  were  awarded  to  both  institutions 
beginning  July  1,  1971. 

The  Howard  University  grant  will  provide  support  in  each  of  5  years  for 
10  prcdoctoral  trainees  through  an  interdepartmental  program  in  the  bio- 
medical sciences  administered  by  the  Department  of  Zoology. 

The  program  at  the  University  of  Tennessee-Oak  KJdge  will  provide 
special  training  each  year  for  undergraduate  students  recruited  from  par- 
ticipating black  colleges  and  black  graduate  students  seeking  the  Ph.D. 
degree,  as  well  as  advanced  research  training  for  selected  faculty  members 
from  black  colleges,  coupled  with  continuing  research  opportunities 
utilizing  facilities  of  the  National  Laboratory. 

As  the  result  of  a  recommendation  by  the  FAST  Committee,  the  training 
committees  have  been  assigned  responsibility  for  review  of  postdoctoral 
and  special  fellowship  applications.   During  the  year  ending  June  30, 
1971,  a  total  of  499  applications  were  accepted  by  the  Branch,  assigned  to 
appropriate  committees  and  reviewed.   Of  these,  applications  for  post- 
doctoral fellowships  numbered  362,  special  fellowships  137.   The  distribution 
of  these  among  committees  demonstrates  the  relative  importance  and  popularity 
of  biochemistry  and  biophysical  sciences.   Nearly  one-third  (32.5  percent) 
of  the  total  applications  ^^7cre  rcviev/ed  by  the  Biochemistry  Training  Com- 
mittee.  I'Jhen  the  Biophysical  Sciences  Training  Committee  assignments  are 
added,  it  is  notable  that  these  two  committees  reviewed  more  than  half 
(51.3  percent)  of  the  total  number  of  fellowships  applications.   Added  to 
these,  the  review  load  of  only  four  additional  committees — Genetics, 
Pharmacology-Toxicology,  Microbiology,  and  Physiology — accounted  for 
83  percent  of  the  total  applications  assigned.   Other  applications  were 
distributed  unevenly,  ranging  In  number  among  the  other  training  committees 
from  20  to  1,  although  one  coimnlttee.  Behavioral  Sciences,  had  none  assigned 
to  it.   Clearly  this  additional  review  responsibility  has  added  heavily  to 
the  duties  of  some  training  committees. 

Tlie  Institute's  apportionment  of  the  FY  1971  appropriation  for  training 
grants  was  $43,396,000,  a  reduction  of  $861,000  compared  to  the  FY  1970 
appropriation  of  $44,257,000.   Tliis  decrease  in  funding  capability  is 
reflected  in  the  decline  in  total  number  of  grants  awarded  from  562  In 
FY  1970  to  533  in  FY  1971.   Although  21  new  and  90  renewal  awards  were  made, 
an  Increase  of  14  and  17  respectively,  the  decrease  in  number  of  continuation 
(Type  5)  grants  from  464  In  FY  1970  to  410  in  FY  1971  reflects  the  shrinkage 
of  the  program.   Tlie  award  of  new  and  renewal  grants  has  been  made 
possible  in  part  by  holding  the  funding  of  continuation  (Type  5)  grants  at 
approximately  the  support  levels  of  the  previous  year,  FY  1970.    (Because 
of  no-cost  extensions  and  terminations,  the  number  of  active  programs  shown 
In  the  accompanying  table  for  FY  69  and  FY  70  exceed  the  numbers  of  av/ards 
just  discussed. ) 
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Reductions  in  funding  and  the  number  of  grants  awarded  have  resulted  in 
an  overall  decline  of  189  in  the  numbers  of  trainees  supported,  as  shown 
below: 


Predoctoral  trainees 
Postdoctoral  trainees 
Special  trainees 

Total 


FY 

1970 

4 

,765 

806 

312 

5,883 


FY  1971 

4,614 
784 
296 

5,694 


Of  further  interest  are  the  following  data,  showing  changes  in  the  levels 
of  training  program  support  and  the  numbers  of  programs  over  the  past 
three  years : 

NIGMS-Supported  Training  Grants 

FY  69,  FY  70,  FY  71 

(Amounts   in  thous^lnds) 


FY  69 


FY   70 


FY   71 


No. 

Aniount 

No. 

Amount 

No. 

Amount 

Basic  Medical  Sciences 

443 

$29,882 

416 

$27,327 

333 

$27,024 

Anatomy 

43 

2,502 

41 

2,108 

30 

2,069 

Biochemistry 

73 

6,047 

66 

5,573 

49 

5,406 

Biophysical  Sciences 

30 

2,974 

30 

2,960 

27 

2,835 

Genetics 

37 

2,968 

36 

2,692 

29 

2,639 

Phrm/Tox/Med.  Chcm. 

70 

4,446 

67 

4,261 

56 

4,202 

Microbiology 

52 

2,629 

49 

2,391 

40 

2,304 

Multi-Biol.  Sci. 

30 

2,160 

27 

1,791 

22 

2,096 

Pathology 

59 

3,703 

56 

3,467 

■  44 

3,418 

Physiology 

49 

2,453 

44 

2,084 

36 

2,055 

Clinical  Sciences 

112 

6,825 

109 

7,294 

98 

7,028 

Anesthesiology 

13 

968 

13 

813 

11 

896 

Clin.  Anesthesiology 

30 

829 

29 

917 

28 

884 

Clin.  Pharmacology 

6 

273 

6 

306 

5 

315 

Epidemiology 

8 

610 

8 

558 

5 

355 

Radiology 

23 

1,542 

22 

1,806 

21 

1,853 

Surgery 

32 

2,603 

31 

2,894 

28 

2,725 

Other  Programs 
Behavioral  Sciences 

80 
37 

5,556 
2,916 

73 

34 

5,176 
3,082 

55 
31 

4,840 
3,024 

Biometry 

31 

2,028 

27 

1,520 

1,303 

Nutrition 

12 

612 

12 

574 

9 

513 

Special  Program  Areas 

41 

3,994 

43 

4,460 

35 

4,504 

Biomedical  Engineering 

18 

1,622 

19 

1,452 

15 

1,153 

Clin.  Chemistry 

5 

211 

6 

289 

6 

319 

Medical  Scientist 

12 

1,701 

12 

2,348 

11 

2,770 

Multi-Msdical  Sci. 

6 

460 

6 

371 

3 

262 

TOTAL 


676        46,257 


641        44,257 


521        43,396 
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RESEARCH  FELLOWSHIPS  BRANCH 

Regular  Fellowships  Programs 

The  current  fiscal  year  has  witnessed  several  changes  in  the  regular 
fellowships  programs  (predoctoral,  postdoctoral,  and  special)  of  the  NTH 
which  have  had  a  significant  impact  upon  the  activities  of  the  Research 
Fellov/ships  Branch  of  NIGMS.   Included  among  these  changes  have  been: 

The  decision,  announced  in  the  summer  of  1970,  to 
phase  out  the  NIH  predoctoral  fellov7ship  program,  which 
for  the  past  decade  has  centered  almost  entirely  in  NIGMS. 

The  decision,  based  upon  recommendations  of  the  FASTask 
Force,  to  abolish  the  Fellowship  Review  Committees  of  the 
Division  of  Research  Grants,  and  to  transfer  the  respon- 
sibility for  the  review  of  applications  for  postdoctoral 
and  special  fellowships  to  the  various  Institutes, 

As  a  consequence  of  the  first  of  these  decisions,  the  predoctoral  program, 
through  which  the  Institute  supported  some  1500  fellows  annually  during 
the  latter  half  of  the  past  decade,  has  declined  to  a  level  of  715  in  the 
current  year.   Included  among  the  latter  are  98  new  awards,  made  in  the 
fall  of  1970,  which  represent  the  last  new  predoctoral  fellovjships  to  be 
awarded.   Provision  will  be  made  to  meet  all  commitments  through  June  30, 
1974,  at  which  time  the  program  will  be  discontinued,  since  one- third  of 
the  predoctoral  fellows  receive  their  Ph.D.'s  each  year. 

In  the  past  decade  the  predoctoral  program  has  provided  support  for  some 
5,700  young  scholars  for  graduate  training  in  a  wide  range  of  biomedical 
disciplines  of  concern  to  the  entire  NIH.   Indicative  of  the  scholastic 
success  of  these  fellovjs  in  their  graduate  careers  is  the  fact  that,  by  a 
conservative  estimate,  no  less  than  80  percent  have  successfully  attained 
the  Ph.D.  degree,  which  is  one  of  the  basic  requirements  for  the  pursuit 
of  a  career  of  basic  research  and  teaching  in  nearly  all  institutions  of 
higher  learning.   Relieved  of  the  necessity  of  diverting  time  and  energy 
to  income-producing  efforts,  these  fellows  have  been  able,  according  to 
a  recent  report  of  tlie  National  Research  Council, i'  to  complete  their 
doctoral-degree  requirements  in  one  to  two  years  less  time  than  would  have 
been  possible  in  the  absence  of  financial  support  for  full-time  training. 

With  the  abolishment  of  the  Fellowship  Review  Committees  of  the  Division 
of  Research  Grants,  the  responsibility  for  the  review  of  NIGMS-assigned 
applications  for  postdoctoral  and  special  fellowships  has  now  been  trans- 
ferred to  the  several  training  committees  of  the  Institute's  Research 
Training  Grants  Branch.   Implementation  of  this  new  review  procedure  has 
involved  the  dedicated  effort  and  close  cooperation  of  staff  members  of 
the  Training  Grants  and  Fellowships  Branches ,  and  although  a  f ev;  minor 
problems  remain  to  be  solved,  the  results  have  been  eminently  satisfactory. 


\j      Effects  of  NIGMS  Training  Programs  on  Graduate  Education  in  the 
Biomedical  Sciences,  March  1969. 
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It  is  anticipated  that  the  overall  effect  of  the  revised  procedure  will  be 
to  streamline  and  simplify  the  review  and  awarding  process,  while  at  the 
same  time  assuring  the  maintenance  of  equitable  reviews  and  high  program 
quality. 

Although,  as  noted  above,  the  predoctoral  program  entered  a  period  of 
phase-out  during  the  current  year,  the  postdoctoral  program  experienced 
a  resurgence,  following  a  precipitous  decline  in  1970.   A  substantial 
Increase  in  the  funding  of  this  program  for  1971  has  permitted  its 
expansion  to  a  level  of  446  awards.   This  represents  a  marked  increment 
above  the  245  supported  in  1970  and  exceeds  the  previous  peak  of  405  in 
1969. 

Postdoctoral  fellovjships  serve  the  important  function  of  supporting 
talented  young  M.D.'s  and  Ph.D.'s  for  a  year  or  two  of  advanced  training. 
The  increasing  complexity  of  modern  biological  research  has  approached 
a  level  whereby  such  advanced  training  is  highly  desirable  for  individuals 
seeking  to  enter  responsible  positions  in  research  and  teaching.   A 
broadening  experience  in  a  research  laboratory  enables  the  postdoctoral 
felloxj  to  build  the  knowledge  and  expertise  of  two  groups  of  scientists 
into  his  background  and  speeds  his  development  into  a  mature,  independent 
scientist.   That  this  program  is  serving  as  an  important  source  of 
biomedical  research  and  teaching  manpower  for  our  nation's  academic  insti- 
tutions is  evidenced  by  a  staff  study  of  the  positions  currently  held  by 
108  former  NIGMS  postdoctoral  fellows  who  completed  their  training  during 
the  three-year  period  ending  June  30,  1970.   The  results  indicate  that  a 
strikingly  large  proportion  (85  percent)  of  these  former  fellows  hold 
positions  in  academic  institutions.   Of  the  92  so  employed,  35  are  in 
schools  of  medicine,  6  are  in  other  health  professional  schools,  and  51 
are  distributed  among  graduate  schools  and  colleges  of  arts  and  science, 
agriculture,  and  engineering.   Fifteen  others  are  pursuing  careers  in 
government  or  private  research  institutes  and  industrial  laboratories, 
and  only  one  was  reported  to  be  unemployed  at  the  time  of  the  survey. 

The  special  fellov;ship  program,  like  the  postdoctoral  program,  experienced 
a  progressive  growth  during  the  past  decade,  reaching  a  level  of  192 
awards  in  1969.   Although  this  pattern  of  growth  was  interrupted  in  1970, 
when  the  niimber  of  awards  declined  to  164,  it  was  resumed  during  the 
current  year  when  a  budgetary  increase  of  40  percent  above  the  1970 
allowance  enabled  the  Institute  to  award  197  special  fellowships  and  thus 
achieve  an  all-time  high  for  this  program. 

The  program  of  special  fellowships,  which  is  characterized  by  its  high 
degree  of  flexibility  with  respect  to  eligibility  requirements,  stipend 
levels,  and  duration  of  award,  has  been  a  particularly  effective  mechanism 
for  implementing  the  Institute's  prograrmnatic  objectives.   Thus,  nearly 
60  percent  of  the  awards  during  the  current  year  have  been  made  in  the 
special-emphasis  areas  of  pharmacology-toxicology,  biomedical  engineering, 
clinical  sciences  (anesthesiology,  diagnostic  radiology,  surgery,  and 
trauma) .   This  is  a  considerably  higher  percentage  than  was  achieved  in 
the  other  programs  of  the  Branch.   Particularly  notev;orthy  is  the  increase 
in  the  number  of  awards  in  the  field  of  trauma,  which  has  only  recently 
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been  identified  as  an  area  of  special  interest  to  the  Institute,  from  one 
award  in  1970  to  14  in  1971.   (Of  the  14  awards,  some,  particularly  in 
the  area  of  prosthetic  devices,  are  also  relevant  to  the  biomedical 
engineering  program. )   There  has  been  a  steady  increase  in  the  number  of 
special  fellowships  in  biomedical  engineering   in  recent  years,  rising  from 
18  in  1566  to  69  in  1971.   Within  the  special  fellowships  program,  in  the 
immediate  future,  greater  emphasis  will  be  placed  on  support  in  the  funda- 
mental sciences,  particularly  molecular  and  cellular  biology  and  genetics. 

The  important  contribution  of  the  special  fellovjship  program  to  our  nation's 
academic  institutions  is  indicated  by  a  staff  survey,  conducted  at  the 
beginning  of  the  current  fiscal  year,  of  the  positions  held  by  70  former 
fellows  whose  awards  terminated  during  the  three-year  period  ending  June  30, 

1970.  The  results  indicate  that  64  of  these  individuals  (91  percent)  are 
now  employed  in  academic  positions.   Approximately  two-thirds  of  these 
(43)  are  in  schools  of  medicine,  and  the  remainder  hold  positions  in  other 
schools  and  colleges  within  universities. 

Research  Career  Program 

The  major  policy  change  affecting  the  Research  Career  Program  during  the 
current  fiscal  year  came  with  the  announcement  by  NIH  that  research  career 
development  awards  terminating  on  or  after  June  30,  1972,  would  not  be 
eligible  for  competitive  renewals.   (Previously,  they  were  renewable  on  a 
competitive  basis  up  to  three  additional  years  following  an  initial  award 
period  of  five  years.)   This  change  has  evoked  some  criticism  from  a  few 
institutions  whose  financial  plans  for  the  fiscal  year  beginning  July  1, 
1972,  were  based  on  their  experience  that  a  given  percentage  of  renewals 
from  highly  qualified  applicants  would  be  funded. 

A  second  change,  x-7hich  is  of  a  procedural  nature,  affects  the  review  of 
applications.   Beginning  V7ith  the  May  1,  1971,  deadline,  the  initial 
review  of  all  research  career  development  avjard  applications  will  be 
conducted  by  DRG  Study  Sections.   As  a  consequence,  the  September  1971 
meeting  of  the  NIGMS  Research  Career  Award  Committee  has  been  canceled, 
and  its  future  responsibilities,  if  any,  are  under  study.   The  second 
review  will  continue  to  be  a  function  of  the  various  a^^7arding  Institutes 
with  the  stipulation  that  it  be  conducted  by  outside  consultants,  in  this 
case  the  National  Advisory  General  Medical  Sciences  Council. 

The  combination  of  a  modest  increase  in  funds  ($290,000)  available  to  the 
Research  Career  Program  and  the  orderly  termination  of  30  development 
awards  enabled  NIGMS  to  maintain  an  active,  dynamic  program  in  fiscal  year 

1971.  Included  in  the  total  of  342  development  awards  were  65  new  and  18 
competing  renewals.   Over  60  percent  of  the  competing  awards  were  in  areas 
of  high  program  interest  to  tha  Institute.   The  growth  in  pharmacology- 
toxicology  is  particularly  notable;  of  the  28  awards  supported  in  this  area 
in  fiscal  year  1971,  two  are  renewals  and  eight  are  new  awards.   Among  the 
new  awardees  is  the  second  clinical  pharmacologist  to  receive  a  career 
development  award  from  NIGMS. 
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Although  biomedical  engineering  (exclusive  of  biomathematics)  accounts  for 
only  2  percent  of  all  NIGMS  development  awards ,  this  program  area  has  been 
characterized  by  rapid  growth.   The  first  award  was  made  in  fiscal  year 
1969.   IXvo  new  av7ards  in  1970  and  four  new  awards  in  1971  account  for  the 
total  of  seven  biocngineers  supported  during  the  current  fiscal  year.   A 
further  increase  in  the  number  of  awards  in  this  area  is  exi^ected  as  a 
result  of  the  continuing  programming  efforts  of  the  Institute  and  the 
success  of  the  fcllov/ships  and  training  grant  programs. 

Tv;o  renewals  were  made  in  the  clinical  sciences  (anesthesiology  and 
pathology),  while  the  first  development  award  in  the  Institute's  trauma 
program  was  made  during  the  fiscal  year.   (It  may  be  noted  that  several 
awards  in  biomedical  engineering  have  a   secondary  program  assignment  in 
trauma.)   As  in  the  past,  a  substantial  number  of  competing  av;ards ,  27 
new  and  7  renewal,  are  in  the  area  of  genetics  and  genetic  chemistry. 

The  number  of  career  awards  was  35  compared  to  the  37  supported  in  the 
previous  year.   This  decline  was  the  result  of  one  resignation  to  accept 
a  new  position  and  one  early  retirement. 

The  two  sets  of  data  that  follow  show  changes  in  the  NIGMS  program  over  the 
past  three  years  in  terms  of:   (1)  the  types  of  fellowships  awarded,  and 
(2)  the  distribution  of  these  awards  am.ong  the  Institute's  programs. 

Fellov;ships  (by  type  of  award) 
(Amounts  in  thousands) 


1969  Actual 


No. 


Amount 


1970  Actual 


No. 


Amount 


1971  Actual 


No. 


Amount 


Predoctoral 
Postdoctoral 
Special 

Development  Av;ards 
Career  Av/ards 


1,483  $7,328 
405   3,046 


192 

332 

37 


2,529 
7,385 
1,085 


1,031  $5,057 
245  2,035 


164 

323 

37 


2,063 
7,417 
1,051 


715 
446 
197 
342 
35 


$3,450 
3,367 
2,876 
7,730 
1,028 


Total 


2,449  21,373 


1,800  17,623 


1,735  18,451 


Fellowships  (by  program) 


1969 


No. 


Amount 


1970 


No, 


Amount 


1971 


No. 


Amount 


Pharm/Tox 
Biomedical  Eng. 
Clinical  Sciences 
Fundamental  Sciences 
(Genetics) 


110    $967 

136   1,536 

60  1,125 

2,143  17,745 

(NA)    (NA) 


102    $964 

133  1,508 

42    794 

1,523  14,357 

(442)  (4,608) 


109  $1,188 

133  1,694 

55    982 

1,438  14,587 

(443)(4,932) 


Total 


2,449  21,373 


1,800  17,623 


1,735  18,451 
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